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A  RESUME  OF  PRACTICAL  TESTS  MADE  IN  THE 
LABORATORIES  OF  THE  WORLD. 


Vol.   I.  APRIL,    1896.  No.  2. 

SCIENTIFIC  TIMBER  TESTING. 

By  B.  E.  Fernozu,  Chief  of  Division  of  Forestry,  Department  of  Agriculture. 

IT  is  a  remarkable  fact  that  although  wood  has  been,  through  all 
ages,  and  continues  to  be  the  most  widely  used  building  material, 

less  definite  knowledge  is  to  be  found  regarding  its  behavior,  its 
strength,  and  the  factors  which  influence  these  than  regarding  any- 
other  material.  Timber  testing,  to  be  sure,  has  been  carried  on  as 
long  as  any  testing  of  materials,  but  the  results  of  such  testing  have 
mostly  remained  unsatisfactory,  because  the  testing  was  not  carried  on 
by  scientific  methods. 

There  are  two  reasons  for  this  deficiency :  While  all  other  mate- 
rials are  more  or  less  homogeneous,  being  manufactured  by  man,  and 
capable,  therefore,  of  being  produced  under  nearly  uniform  and 
known  conditions,  and  with  nearly  uniform  results,  wood,  the  product 
of  nature,  is  most  non-homogeneous,  and  being  produced  under  con- 
stantly varying  conditions,  a  result  of  many  changing  seasons,  it  is 
most  variable  in  its  structure,  quality,  and  behavior.  In  fact,  while 
we  may  say  that  with  materials  like  iron,  brick,  cement,  and  even 
stone,  we  test  the  material,  with  wood  we  test  a  complicated  structure 
of  ever-varying  design.  While  the  difficulty,  therefore,  of  arriving 
at  satisfactory  data  for  general  application  is  great,  the  other  reason 
for  our  deficiency  in  them  comes  from  the  fact  that  most  of  the 
testing  done  in  the  past  has  been  done  by  engineers  who  were  not  at 
the  same  time  botanists,  or  rather  physiologists,  and  who  failed  to 
study  and  to  appreciate,  or  to  allow  for  the  variability  of  this  fickle 
7  8; 
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material.  Not  only  is  it  necessary  to  distinguish  between  tlic  many 
different  species — engineers  are  rarely  capable  of  recognizing  more 
than  the  t^enus.  if  one  may  judge  from  the  engineers'  tables  of 
strength,  in  which  mostly  generic  names  only,  spruce,  fir,  pine,  oak, 
etc.,  are  used — but  one  must  know  also  to  distinguish  differences  in  de- 
velopment of  the  species,  and  take  into  consideration  physical  as  well 
as  chemical  properties  of  wood. 

I  would  make,  therefore,  this  first  postulate  for  the  successful 
limber-tester,  that  he  be  not  only  an  engineer  but  a  botanist  at  the 
same  time,  or  else  have  a  botanist,  a  man  conversant  with  vegetable 
physiology,  at  his  elbow.  There  are  not  even  many  botanists  who 
know  enough  of  the  physical  properties  and  the  behavior  of  wood  to 
Ije  able  to  fill  the  position.  To  be  a  successful  tester  of  timber,  the 
rare  combination  of  engineer,  botanist,  and  physicist,  an  expert  in 
"  tirnl)er  physics,"  isreijuired. 

Although  Maschcnbroek  and  Hudon  and  Duhumel  de  Monceau, 
in  the  last  century,  carried  on  timber  tests  with  some  regard  to  the 
various  intluences  ujx)n  strength,  coming  apparently  to  contradictory 
results,  while  Barlow  and  Dupin,  early  in  this  century,  Poncelet, 
Hodgkinson,  Paccinoti,  and  Peri  later  did  good  service  in  working 
out  experimentally  the  mathematical  side,  the  first  time  that  such  a 
combination  of  naturalist  and  technicist  was  nearly  attained,  was  when 
the  two  Frenchmen,  Chevandier  and  Wertheim,  the  one  an  engineer, 
the  other  a  forester,  undertook  in  tlie  fifth  decade  to  subject  the  tim- 
l>crs  of  France  to  a  comprehensive  investigation,  with  due  regard  to 
proper  niles  of  inspecti»)n  of  the  test  material,  pul)lishing  their  results 
in  I S48.  But  although  many  valuable  truths  were  established  by  these 
men  and  those  following  their  methods,  among  their  number  Tetmayer 
and  Iiau.«ichinger,  the  highest  authorities  on  timber  testing  at  present, 
the  subject  has  not  by  any  means  been  exhausted,  and  when  it  comes 
to  American  timbers  we  can,  without  invidiousness,  say  that  none  of 
the  tests  that  have  l)cen  made  until  very  recently  were  carried  on  with 
the  prec^iutions  and  inspection  of  the  material  that  make  them  con- 
cliksivc  or  practically  applicable. 

What  ake    I'ests  Made   Fok  ? 

There  are  two  objects  to  be  subserved  in  testing  of  any  kind  of 
materials,  and  wc  may  divide  the  testing  accordingly  into  two  classes. 
The  one,  which  we  may  call  <v»w///<t</^// testing,  has  in  view  to  find 
out  the  relative  value  for  a  given  purpose,  of  a  given  lot  of  materials 
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offered  in  market  or  presently  to  be  applied  ;  it  does  not  inquire  into 
the  properties  in  general,  their  variations  due  to  different  causes,  or 
into  the  reasons  for  such  variation.  The  other  kind  of  testing,  which 
we  may  call  scientific  testing,  has  in  view  to  find  out  what  the  capabili- 
ties of  materials  are,  what  causes  the  properties,  how  they  are  related 
to  each  other,  and  how  they  may  be  produced  or  influenced  ;  it  at- 
tempts to  develop  laws  of  strength  and  to  furnish  data  for  general 
application. 

The  first  kind  of  testing  simply  records  the  tisage  of  the  practice, 
the  second  lays  the  foundation  for  the  improvemoit  of  the  practice. 
From  a  lot  of  iron  or  steel  to  be  used  in  a  bridge  some  sample  pieces 
are  broken,  to  assure  the  engineer  that  the  rest  of  the  lot  is  capable 
of  sustaining  a  given  load :  this  is  commercial  testing,  the  result  of 
which  is  simply  to  state  that  the  present  lot  of  iron  is  of  a  given 
quality  in  the  average,  satisfactory  for  our  present  purpose,  but  it  does 
not  allow  us  to  judge  from  this  to  another  lot  of  iron,  manufactured 
elsewhere  under  different  conditions.  In  fact,  unless  we  are  sure  that 
all  the  material  was  made  and  treated  alike,  and  that  the  samples  rep- 
resented it  fairly,  we  know  hardly  more  than  what  we  learned  of  the 
sample  pieces  themselves. 

From  the  same  lot  the  manufacturer  takes  samples,  tests  them  for 
their  strength,  and  examines  them  carefully  as  to  structure  and  chemi- 
cal analysis,  the  appearance  of  the  fracture,  the  behavior  during  the 
test,  and  considers  these  data,  together  with  the  manner  in  which  he 
had  produced  this  material,  and  perhaps  compares  all  these  data  with 
similar  data  obtained  from  another  lot  of  material.  This  is  scientific 
testing,  which  furnishes  us  a  general  judgment  as  to  the  qualities  of 
the  material  under  varying  conditions  and  appearances,  and  leads,  for 
the  practitioner,  to  rules  of  inspection  and  to  improved  methods  of 
manufacture  or  application. 

So  well  is  it  understood  that  commercial  testing  is  an  insufficient 
assurance  of  the  quality  of  a  lot  of  iron  or  steel  that  in  important 
work,  bridge  construction,  for  instance,  inspectors  are  constantly 
present  during  the  manufacture  of  the  material  to  assure  themselves 
that  the  stipulated  ingredients  enter  into  the  material,  and  that  it  re- 
ceives a  stipulated  treatment ;  and  no  engineers'  tables  are  considered 
satisfactory  by  themselves.  Yet  there  has  been  developed  for  this 
class  of  materials  a  tolerably  reliable  set  of  rules  for  inspection,  so  that 
by  physical  examination  an  approximation  to  the  quality  and  behavior 
of  the  material  can  be  diagnosed.     Not  so  for  timber.      Most  tests 
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that  have  been  carried  on  in  our  rufchanical  laboratories  liave  been 
done  in  this  wise:  Material  has  been  secured  from  a  wood-yard  under 
the  name  given  by  the  yardman,  who  notoriously  mixes  various 
species  tDgether  and  cannot  distinguish  them  ;  no  attempt  is  made 
to  make  sure  of  the  species ;  in  fact,  the  means  for  doing  so  are 
usually  not  at  the  comniand  of  the  professor ;  no  knowledge  as  to  the 
conditions  under  which  the  material  has  grown  exists,  or  from  what 
part  of  the  tree  it  comes  ;  no  knowledge  as  to  how  it  has  been  treated 
after  felling  ;  no  careful  examination  as  to  the  moisture  it  contains, 
although  this  factor  alone,  it  is  known,  influences  strength  to  an 
extent  of  sometimes  more  than  50  j)er  cent.  ;  no  examination  as  to 
its  position  in  the  tree  with  reference  to  the  grain,  nor  of  the  chara(  ter 
of  its  structure,  its  specific  gravity.  In  short,  the  whole  performance 
is  more  or  less  blind. 

Krom  what  has  been  said  regarding  the  great  variability  of  wood, 
we  may  at  once  discard  the  idea  that  our  knowledge  will  be  increased 
appreciably  by  a  continuance  of  the  methods  of  breaking  sticks,  large 
or  small,  indiscriminately,  without  knowledge  as  to  what  they  really 
are.  Commercial  testing,  as  we  have  called  it,  may  satisfy  the  con- 
sumer in  a  special  case,  but  it  does  not  furnish  general  knowledge  ;  it 
does  not  permit  of  general  ai)plication  with  any  degree  of  reliability. 
In  fact,  commercial  testing  with  so  variable  material  as  wood  is 
hardly  of  use  until  we  have  also  data  of  inspection,  derived  from  sys- 
tematic series  of  tests,  which  allow  us  to  compare  the  tested  material 
with  that  of  which  the  test  piece  was  supposed  to  be  a  sample,  and  to 
gauge  how  far  the  sample  represents  the  average,  or  how  far  above  or 
below  the  quality  of  the  untested  material  may  fall ;  in  other  words, 
until  scientific  testing  enables  us  to  interpret  its  results.  Nay,  I  may 
go  so  far  as  to  say  that  when  by  a  systematic  series  of  wood  testing 
data  for  inspection  have  ])een  established,  commercial  testing  will 
become  unnecessary,  the  mere  inspection  of  the  material  furnishing 
much  more  reliable  results. 

For  such  data  of  inspection  we  must  have  recourse  to  what  wc 
have  called  scientific  testing,  which  consists  in  a  methodical,  sys- 
tematic procedure,  ])lanned  with  circumspection  and  carried  out  con- 
sistently on  testing  material  selected  wjih  careful  reference  to  all  con- 
ditions that  may  have  an  effect  on  itstjualityand  behavior.  Scientific 
exi»eriment  in  general  consists  in  analyzing  first  the  variables  which 
contribute  toward  a  complex  total  effect,  and  then  by  eliminating  as 
many  as  possible  of  the  variables  determine  the  effect  of  any  one  or  of 
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any  one  set  of  variables  in  various  combinations.  They  are  designed 
not  to  show  what  the  practitioner  is  doing,  but  to  explain  the  phenomena 
in  the  practice  and  thereby  to  improve  the  practice. 

The  first  requisite  of  course  is  that  we  should  know  what  the 
material  is  we  are  testing.  This  seems  axiomatic,  and  yet,  as  we  have 
stated  before,  most  experimenters  have  known  but  imperfectly  the 
nature  of  their  specimens.  If,  for  instance,  we  wish  to  establish  the 
value  of  the  species  known  as  Longleaf  Pine,  we  must  make  sure  that 
it  is  Longleaf  Pine  which  we  are  testing.  This  cannot  be  done  by  se- 
lecting from  a  wood-yard,  for  we  have  so  far  not  even  any  means  of 
distinguishing  its  wood  with  certainty,  and  other  species  are  easily 
mixed  in,  hence  we  must  have  the  material  selected  in  the  woods  by 
a  botanist  who  by  foliage  and  fruit  can  make  sure  that  the  tree  be- 
longs to  the  species  sought. 

As  a  matter  of  more  indirect  interest  rather  than  for  rules  of  in- 
spection, it  is  desirable  to  note  the  exact  conditions  of  soil,  climate, 
and  surroundings,  such  as  may  influence  the  quality  of  the  tree,  and 
the  part  of  the  tree  from  which  the  test  material  is  taken.  For  this 
knowledge  may  give  us  an  indication  as  to  what  to  expect  from  given 
growth  conditions,  and  assist  us  later  in  selecting  for  different  pur- 
poses the  various  cuts,  which  may  differ  by  fully  25  per  cent,  in  their 
strength. 

The  next  point  to  observe  is  the  treatment  of  the  material  after 
felling  :  the  manner  in  which  the  seasoning  is  done.  Due  to  the  non- 
homogeneous  arrangement  of  the  various  parts  of  the  log  or  stick,  the 
contraction  due  to  the  loss  of  water  from  the  cell  walls,  which  make 
up  the  wood  structure,  is  uneven,  and  gives  rise  to  "  season  checks  " 
invariably.  These  are  always  by  necessity  sources  of  weakness,  even 
though  closing  up  again,  by  swelling  due  to  water  absorption  or  re- 
arrangement of  parts.  This  variable  is  impossible  to  eliminate,  and  so 
difficult  to  take  into  account  that  all  the  experimenter  may  do  is  to 
reduce  its  occurrence  to  the  smallest  extent  possible  by  careful  atten- 
tion to  the  seasoning  process. 

The  next  care  is  in  the  shaping  of  the  test  stick.  This  is  usually 
done  by  sawing  and  with  little  reference  to  resulting  relations  of  the 
structural  aggregates  which  make  up  the  stick.  In  the  first  place,  the 
fact  that  most  trees  do  not  lay  on  their  annual  growth  in  straight  up- 
and-down  arrangement  of  cell  elements,  but  form  a  more  or  less  spiral 
growth,  which  if  cut  with  reference  to  the  direction  of  the  mathe- 
matical axis  results  in  cross-grain  of  varying  degree,  points  to  the 
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V  w^   UK-  wood,  which  gives  more  assurance  of  re- 

,  X.     If  siiwing  is  adhered  to,  the  existence  ol  cross 

grained  condition  must  at  least  not  be  lost  sight  of  in  interpreting  re- 
in the   next  place,  attention   must  be  paid  to  the  lay  of  the 
..il  rings  with  reference  to  the  cut.     The  tree  being  built  up  by  a 
scries  of  sui>erimposed  hollow  cones  or  rather  neloid-shaped  bodies  of 
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Fir,   I.  — A  |.iece  of  Mwn  timber  cut  through  along  the  pith,  illustrating  its  structural  aggregates. 

wood,  a  cut  parallel  to  the  axis  produces  sticks  containing  different 
sets  of  structural  aggregates  according  to  the  location  of  the  cut  with 
reference  to  the  radical  plane,  as  will  be  readily  understood  by  refer- 
ence to  the  figure.*  In  each  case  the  combination  of  structr-iral  aggre- 
grates,  cones  and  cone  sections,  varies  and  gives  rise  to  diiTerence  in 

strength  of  the  combination; 
hence  whether  the  stick  is  cut 
quarter-sawed  or  rift-sawed,  or 
bastard  sawed,  makes  all  the  dif- 
ference in  its  behavior. 

Having  now  secured  a  test 
stick  with  knowledge  of  its 
species,  its  derivation,  its  posi- 
tion in  the  tree,  and  its  struc- 
tural aggregates,  at  least  three 
further  facts  nuist  be  ascertained 
— the  character  of  its  growth, 
its  moisture  contents,  and  its 
fic.  i.—PoMiwiiiiet  of  cuttine  timber  from  .•\  log     specific  weight.      Ill  the  sjiecics 

with  fference  to  pcition  of  grain.  ^^.,^j^,^       j^.^^.^      ^       distinct       ring 

growth,  like  the  pines,  oaks,  etc.,  in  whi(  h  each  ring  contains  two 
rla.sscsof  wnnd—  nainclv.  springwood  and  summerwood,  the  one  loose 
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or  porous,  the  other  made  up  of  dense,  thick-walled  cells — the  pro- 
portion of  each  of  these  predicates  the  strength  and  the  weight  of  the 
seasoned  wood  is  naturally  also  predicated  by  the  proportion  of  these 
two  elements  of  the  annual  ring.  This  feature  alone — not  the  width 
of  the  ring,  but  the  proportion  of  the  summerwood  and  springwood 
forming  the  ring — is  perhaps  the  most  reliable  criterion  for  an  inspec- 
tion and  qualitative  determination  of  the  material. 

One  of  the  most  difficult  of  all  the  variables  to  take  care  of  and 
yet  one  of  the  most  important  and  the  most  variable  one  is  the  moist- 
ure contents.  Often  more  than  half  the  weight  of  freshly-felled  timber 
is  due  to  water,  which  is  partly  contained  in  the  cell  lumina,  partly  in 
the  cell  walls.  In  seasoning  this  water  is  lost ;  at  first,  while  the  lumen 
furnishes  the  supply  for  the  evaporation  readily,  then  more  and  more 
slowly,  and  such  is  the  hygroscopicity  of  wood  that  it  never  parts 
with  all  the  water,  but  retains,  varying  with  the  temperature  and 
moisture  conditions  of  the  atmosphere  in  which  it  is  kept,  from  eight  to 
twelve  and  more  per  cent.  From  the  point  when  the  cell  wall  begins  to 
lose  water,  which  for  pine,  for  instance,  may  be  roughly  placed  at  35  per 
cent,  of  the  weight  of  the  dry  wood,  with  the  loss  of  water  the  strength  is 
increasing  rapidly,  so  that  the  same  stick  may  show  when  dried  to  10 
per  cent,  a  strength  50  per  cent,  greater  than  in  the  unseasoned  con- 
dition. It  is  therefore  of  greatest  importance  to  know  the  moisture 
per  cent,  of  the  test  piece  and  the  rate  of  variation  with  the  loss  of 
water. 

The  methods  for  ascertaining  the  moisture  per  cent,  so  far  em- 
ployed are  still  unsatisfactory,  especially  when  it  is  considered  that 
the  moisture  is  not  evenly  distributed  through  the  stick  ;  the  deter- 
mination by  borings  practiced  by  Bauschinger,  and  even  the  disk 
method  employed  in  the  Division  of  Forestry  do  not  quite  satisfy 
the  requirements  of  desirable  exactitude ;  hardly  anything  short  of 
repeated  weighings  and  drying  of  the  test  piece  itself  will  be  reliable. 

That  all  pieces  containing  knots  and  other  defects  must  be  ex- 
cluded from  a  series  which  is  to  establish  the  standard  value  of  the 
species — except  when  the  effect  of  such  defects  is  to  be  tested — seems 
self-evident.  We  may  also  take  for  granted  as  an  essential  requisite 
true  workmanship  in  shaping  the  test  piece.  Lastly,  the  position  of 
the  grain,  with  reference  to  the  load  in  the  test,  is  an  essential 
point  that  must  not  be  forgotten,  for  according  to  this  relation  of  load 
to  structure  different  values  will  be  obtained,  a  matter  in  which  wood 
differs  from  iron  or  steel. 
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Finally,  a  word  as  to  the  size  of  the  test  pieces  :    I'ractical  engi- 
neers have  clamored    lor  tests   on  large   sizes  such  as  are  used    in 
practice,  claiming  that  tests  on  small  selected  pieces  do  not  give  dat. 
applicable  in  practice.     This  is  an  erroneous  ,)osition,  provided  the 
tests  which  are  to    furnish  the  standard  are  made  in   large  number 
and   with  such    precaution,  and   under  such  rules   of   inspection    as 
stated,  whereby  the   data  become  applicable  to  any  case.      It  is  true 
that  larger  s.zesareapt  to  behave  differently,  although  not  always  and 
not    necessarily,    from   smaller   sizes    for   good    reasons;     but    even 
I  ror.  U.ua.  who  has  attempted  to  establish  the  numerical  difference 
.  "1  the  v-alue  of  tests  on  large  and  .small  sizes  has  failed  to  explain  the 
cause  of  the  difference  fully,  and  failed  especially  to  give  us  such  d.ta 
regarding  his  test  material  as  will  allow  us  to  inspect  the  material  and 
apply  h.s  coerticients  to  any  other  material  than  that  tested 

In  large  timl^ers  not  only  is  the  chance  for  defects  increased,  but 
he  var.ables  ..bove  referred  to  become  more  complex  and  less  con- 
mUlable    while  the   relation   of  structural   aggregates,   as    explained 
before,  allows  of  greatest  variety;  especially  the  degree  of  .seasoning 
varying  greatly  in  their  various  parts,  withdraws  itself  from  control 
1  hey  are    therefore,  not  fit  for  the    purpose   of  establishing  relial,le 
standard  data,  for  such  only  select  material  of  <,uality  and  condition 
a-    thoroughly  known  as  possible,  is  permissible,  and  of  si.es  which' 
-hde  large  enough  to  secure  a  sufficiently  high  per  cent,  of  accuracy' 
avoid  as  much  as  possible  the  difficulties  mentioned  in  regard    o  d': 
fects  cross  gram,  uneven  seasoning,  etc.      It  then  becomes  the  subject 
of  special    ur.cst.gat.on    to    determine    the   effect    of    each    of   the 

effect  of    he,r  combination    as  found  in  large  sizes  bv  analysis  of  the 
tested  columns  and  beams  themselves. 

I  hear  some  "practical  "  engineer  say  that   in   practice  it  would 

^rr:;':  r  T'^^t '-'''-'  ^--^••e^^-.and  hence  the::^ 

Tos„cl,myan«v.rcan   here  only  be  brief.     This  ..ancr  is  not 
.•rmen  for  ,l,en,,;  ,hey  need  son.e  ins.ruc.ion  in  ,hc  his.or       d   ,1  " 
o  o -hy  of  snen„fic  worl<   a,  appbed   .o  practical   resnlts,  when    I    y 
".I  Ic^rn  that  progress,  improvement  of  the  practice,  can  be  expected 

mor'e   Zo;"'."-""'^   '"^  '""""'''  °^  ""-  "--'  nrethod?    ? 
more  ref.nod.  the  n,ore  careful  and  systematic  the  methods  by  which  a 
»c,en„f,c  ,nvest,«a,io„  is  carried  on,  „,e  more   likely  „i,l  i[ produce 
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results  useful  to  the  practice.  The  conditions,  which  in  the  scientific 
work  we  analyze  and  take  separate  account  of,  occur  in  the  practice 
in  ever-varying  combination.  As  in  chemical  and  electrical  arts,  the 
skillful  practitioner  must  and  will  learn  to  disintegrate  them,  and  with 
the  aid  of  the  data  furnished  by  scientific  standards  make  the  neces- 
sary allowances. 

The  Division  of  Forestry  has  entered  upon  a  series  of  tests  and 
investigations  in  timber  physics  carried  on  with  the  precautions  out- 
lined for  the  purpose  of  determining  not  only  more  thoroughly  the 
range  of  values  for  our  various  species  but  especially  of  determining 
the  effect  of  the  variables  affecting  strength  and  furnishing  rules  of 
inspection.  The  work  has  progressed  slowly  on  account  of  deficient 
funds.  During  the  last  four  years,  however,  over  30,000  tests  have 
been  made  with  thorough  examination  of  the  test  material,  and  at 
least  for  the  four  Southern  pines  the  data  based  on  over  18,000  tests 
are  already  well  established. 


SYSTEMATIC  INSPECTION  OF  MATERIAL. 

By  L.  S.  Randolph,  Professor  of  Mechanical  Engineering,  Virginia  Agricultural 
and  Mechanical  College,  Blacksburg,  J 'a. 

IT  would  seem  that  it  ought  to  be  completely  superfluous  to  tell  a 
man  that  it  was  advisable  for  him  to  know  what  he  was  buying, 

or  that  it  would  pay  him  to  ascertain  whether  or  not  he  was 
getting  full  value  for  his  money.  It  will  require  but  a  very  superficial 
observation,  however,  to  show  that  the  contrary  is  the  case,  and  that 
it  will  be  necessary  not  only  to  tell  him,  but  in  many  cases  the  most 
convincing  arguments  will  be  ineffectual. 

The  facility  with  which  all  classes  of  nostrums  are  foisted  on  the 
community,  and  the  difficulty  of  obtaining  reliable  material  go  to 
show  that  very  few  realize  the  necessity  of  knowing  when  the  material 
they  buy  is  what  it  should  be. 

No  more  valuable  move  has  been  made,  of  recent  years,  by  our 
railroads,  then  a  recognition  of  the  fact  that  it  was  necessary  to  know 
accurately  the  character  of  the  material  they  were  using,  both  in  track 
and  rolling  stock;  so  that  at  the  present  time  all  first-class  roads 
either  have  a  testing  bureau,  as  a  special  department  of  their  own 
organization,  or  employ  one  of  the  numerous  testing  bureaus. 
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The  fact  that  the  leading  engineers  have,  for  years,  required 
careful  and  systematic  tests  of  material  on  all  important  work, 
that  on  the  Continent  testing  bureaus  have  been  established  under 
governmental  supervision,  and  tlie  number  of  independent  testing 
bureaus  in  this  country,  proves  the  practical  necessity  for  the  sys*^ 
tcmatic  examination  and  testing  of  the  materials  of  construction. 

This  demand  comes  from  two  quarters  :  ist.  The  necessity  of 
|.rutcciing  human  beings  from  injury  or  death.  2d.  The  necessity, 
esi)ecially  at  the  present  time,  for  practicing  the  utmost  economy. 

It  is  scarcely  necessary  to  discuss,  or  to  advance  arguments,  to 
prove  the  necessity  for  taking  every  precaution,  to  prevent  the  injury 
or  death  of  a  human  being.  Whilst  this  has  been  treated  as  an  eco- 
nomic problem  more  than  once,  that  phase  need  scarcely  be  dis- 
cu.'^ed  here,  for  its  value  as  a  factor  in  the  design  of  any  structure 
will  depend  entirelv  upon  the  moral  condition  of  those  in  charge  of 
the  work. 

The  value  ..i  systematic  testing,  from  an  economic  standpoint, 
however,  is  open  to  fuller  discussion,  and  brings  up  more  inter- 
esting questions. 

In  conversation  with  an  engineer  the  other  day  on  this  subject 
he  told  me  that  he  was  satisfied  that  he  had  been  compelled,  recently,' 
to  use  from  15  to  20  per  cent,  more  material  in  a  building  than  was 
necessary,  on  account  of  the  impossibility  of  having  the  material 
carefully  tested,  and  this  in  face  of  the  fact  that  especially  good  prices 
had  been  paid  for  it.  The  saving  on  a  few  such  buildings  would 
have  ecpjipjK-d  a  testing  laboratory. 

In  a  recent  investigation  of  the  strength  of  cements,  a  sample  of 
cement,  which  sold  for  $5  per  barrel,  when  mixed  with  one-half  sand 
showed  a  greater  tensile  strcn.^^th  than  did  a  sample  of  another  cemen!' 
selling  for  $3.50  per  barrel,  when  used  neat ;  and  yet  enormous  quan- 
tities of  this  cheap  cement  are  used. 

The  author  has  again  and  again  seen  lubricants  sol.l  to  private 
consumers,  under  some  high-sounding  name,  at  from  50  to  75  cents  a 
gallon  which  were  nothing  but  plain  petroleum  products,  worth 
probably,  at  the  most,  20  cents  per  gallon.  One  cannot  blame  an  oil 
salesinan  for  taking  advantage  of  such  a  snap,  but  it  is  rather  hard 
on  the  man  who  foots  the  bills.  A  considerable  portion  of  the  lubri- 
cants sold  to  small  consumers  are  not  worth  one-half  what  is  paid  for 
them.  In  fact,  it  may  be  taken  as  a  rule  that  in  every  branch  of 
trade  mere  or  less  chicanery  and  fraud  arc  deliberately  practiced    the 
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only   safeguard    against    which    is    the    careful   examination    of    the 
material. 

But  it  will  be  argued  that  one  can  deal  with  honest  manu- 
facturers only.  While  it  is  unquestionably  good  policy  to  have  no 
dealings  whatever  with  dishonest  parties,  yet  this  does  not  remedy  the 
matter. 

A  manufacturer  or  dealer  may  be  as  honest  as  possible,  but  that 
does  not  prevent  his  employees  from  making  mistakes,  or  from  willfully 
shipping  defective  material  to  cover  their  own  errors.  We  might, 
perhaps,  locate  dishonest  dealers,  but  it  would  be  impossible  to  locate 
the  ignorant,  careless,  or  dishonest  employee. 

The  amount  of  material  with  defects,  which  it  is  inconceivable 
that  any  sane  person  could  fail  to  see,  which  is  shipped  by  the  most 
reputable  concerns  proves  that  the  honesty  of  the  head  of  a  concern 
does  not  insure  the  honesty  of  his  subordinates,  although  it  may  go  a 
long  way  toward  it. 

We  have,  therefore,  to  avoid  not  only  the  dishonesty  of  the 
manufacturers,  but  also  the  dishonesty  and  carelessness  and  ignorance 
of  their  subordinates. 

In  a  steel  mill  a  forging  may  be  piped ;  if  carefully  plugged,  the 
chances  are  that  nothing  will  be  heard  of  it  until  the  failure  of  the 
forging  reveals  the  hidden  flaw ;  too  late,  however,  to  trace  it  back 
and  place  the  responsibility  where  it  belongs. 

It  has  been  held,  and  by  the  majority,  believed,  that  it  is  neces- 
sary to  have  inspected  and  tested  the  materials  used  on  only  the  more 
important  structures,  such  as  bridges,  office  buildings,  etc.,  where 
there  is  danger  to  life  or  limb  of  the  occupants.  While  it  is  unde- 
niably true  that  such  material  should  be  inspected,  it  is  also  true  that, 
as  a  rule,  greater  economies  can  be  effected  by  inspecting  other  kinds 
of  materials,  where  the  results  of  the  failure  are  not  so  dangerous  to 
human  life  and  consequently  not  so  disastrous  to  the  reputation  of  the 
manufacturer. 

The  very  fact  that  in  most  instances  the  other  kinds  of  material 
are  purchased  without  any  examination  at  all,  gives  an  invitation 
to  all  kinds  of  fraudulent  practices.  There  is  an  extensive  trade  in 
certain  materials,  which  are  used  for  adulteration  alone. 

In  an  investigation,  made  by  the  writer  of  different  brands  of 
white  lead,  only  two  out  of  six  samples  were  found  to  be  worthy  of 
the  name  of  white  lead  ;  three  being  utterly  worthless. 

Upon  one  occasion,  a  shipment  of  lard  oil  received  by  the  writer 
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\yas  found  to  contain  a  large  porlion  of  paraffine  oil ;  it  was  returned 
and  a  second  shipment  replacing  it   was  also  returned  for  the  ^ame 
cause.     At  Ixst  a  shipment  of  oil  was  received  which  was  satisfactory 
When  askeil  why  they  shipped  such  defective  material,  the  reply  was 
that  they  did  not  exiK-ct  it  to  be  so  rigidly  inspected. 

That  the  rigid  examination  of  materials,  which  are  now  re- 
ceived without  insi>ection,  is  desirable,  can  scarcelv  be  denied  but 
how  far  it  should  be  carried  and  to  wh:it  extent  it  would  be  econom- 
ical. IS  another  and  a  more  difficult  question  to  solve  It  is  evident 
thai  It  would  be  advisable,  if  practical,  to  have  everything  tested  and 
inspected;  but  throwing  aside  this  Utopian  idea,  we  can  rcadilv  see 
that  the  systematic  inspection  of  material  can  be  extended  far  bevond 
Its  present  linuted  sphere,  with  very  l^eneficial  results. 

As  an  illustration  of  what  can  be  done  by  .such  inspection,  we 
can  find  no  better  examj.le  than  the  restdts  obtained  from  the  inspec- 
t.o,>  of  fertdizers.  At  one  time  fertilizers  were  sold  entirely  on  the 
makers' guarantee  or  statement  ;  now,  in  nearly  all  States  some  <:vs- 
lem  of  fertdizer  control  is  in  force,  whereby  all  fertilizers  sold  in  the 
Mate,  are  .subject  to  inspection  and  analysis,  and  in  some  States 
any  citizen  can  send  a  sample  of  fertilizer  to  the  State  Chemist 
have  ,t  analyze.1,  and  an  estimate  of  its  value,  per  ton,  placed 
upon  It.  ' 

The  result  of  this  system  of  fertilizer  control  has  been  not  only  a 
marked  improvement  in   the  value  of  the  fertilizer  actually  sold    but 
what  IS  of  far  more  importance,  the  introduction  of  a  condition   of 
affairs  which  renders  the  sale  of  worthless  fertilizers  practically  impos- 

Similar  benefits  can  .mquestionably  be  obtained  from  an  exten- 
sion of  this  system  to  other  materials,  such  as  iron,  steel,  cast  iron 
h-..nts.  and  soaps.     At  present  it  is  very  difficult  to  get  a  painJ 

riri^Jn?'"  *7'u"^'  ''  ^  ^°"^  lubricating  oil  at  a  reasonable 
pncc,  and  many  of  the  soaps  sold  throughout  the  country  are  so  in- 
...r.o,,,  ,o  clothes  as  to  be  worse  than  useless.  Is  this  not.  after  all  a 
n,.mer  for  governmental  control?  It  mav  be  dain^ed  that  this  is  too 
much  like  paternalism,  but  it  is  unquestionablv  the  duty  of  the  Gov- 
ernment to  detect  and  p„n.sh  fraud  wherever  found,  and  there  is  con- 
»  derable  room  here  for  the  exercise  of  this  function.  Have  not  ,11 
Clares  as  much  right  for  protection  against  fraud  as  the  Agricultural 
;  .^s  would   not  be  the  principal  beneficiaries  of  government 
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By  S.  IV.  Robi)non,  Professor  of  Mechanical  Engineering,  Ohio  State  Universitv. 

IN  designing  and  equipping  a  machine  shop,  or,  in   fact,  a  manu- 
facturing establishment  of  any  kind,  one  of  the  first  problems  met 

with,  as  touching  economy  and  efficiency,  is  the  amount  of  power 
required  to  run  the  plant.  In  olden  times  when  the  teeth  of  gear 
wheels  were  chipped  and  filed,  and  engine  cylinders  were  bored  by 
pushing  a  hand  to>'l  along  a  plank,  this  expense  was  either  boldly 
guessed  at,  or  roughly  estimated  according  to  the  number  of  men  em- 
ployed, one  horse-power,  for  instance,  being  considered  sufficient  to 
drive  a  suitable  number  of  machine  tools  to  keep  ten  men  at  work. 
In  modern  times,  however,  where  every  possible  leakage  must  be  looked 
to  with  tht  greatest  care,  it  is  not  only  desirable,  but  absolutely  es- 
sential to  the  welfare  of  the  concern  that  an  accurate  knowledge 
should  be  had  of  the  amount  of  power  developed  by  the  motor,  and 
the  amount  required  to  drive  each  machine. 

The  only  satisfactory  method  of  ascertaining  these  quantities  is 
by  the  use  of  some  form  of  dynamometer — by  which  we  mean  an 
instrument  or  machine  for  measuring  the  power  exerted  by  an 
engine  or  electro-motor,  or  the  amount  of  power  consumed  in 
driving  a  single  machine  or  machinery  plant.  A  Dynamometer  is 
primarily  an  instrument  to  measure  the  work  done  by  an  effort  of  some 
kind,  the  result  being  usually  expressed  in  foot-pounds  and  given  in 
a  lump  sum,  as  10,000,  meaning  ten  thousand  foot-pounds  :  as  in  the 
case  of  the  Integrating  Dynamometer.  But  more  frequently  the  result 
is  a  diagram  area  as  by  the  Recording  Dynamometer,  which  area,  when 
measured  by  duly  considering  the  co-ordinates  and  determining  the 
area,  represents  the  foot-pounds.  Thus  the  steam  engine  indicator  is, 
in  one  sense,  a  recording  dynamometer,  because  the  pressure  ordinates 
of  the  indicator  diagram  multiplied  by  the  stroke  abscissas,  gives  an  area 
which  represents  the  foot-pounds  of  work  performed  by  the  engine  for 
the  corresponding  stroke  of  that  engine. 

Sometimes  the  pressure  or  force  ordinates  only  are  indicated  bv 
the  instrument,  the  space  ordinates,  or  abscissas,  being  determined  by 
some  other  means  than  by  the  so-called  dynamometer.  Thus  the 
work  done  in  drawing  a  plow  along  a  furrow  may  be  measured  by 

99 
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observing  at  frequent  e(|iial  intervals  a  spring  dynamometer  applied 
lx:twecn  the  plow  and  whiffletree,  while  the  distance,  or  space  passed 
over  by  the  plow  at  the  same  time,  is  measured  by  a  tape  line  or 
similar  means.     Then,  multiplying  the  mean  tractile  force,  in  pounds, 
given  by  the  spring  dynamometer,  by  the  space  in  feet  will  give  the 
foot-pounds  of  work  which  was  required  for  turning  the  furrow  by  the 
plow  and  team,  the  entire  work,  friction  and  all,  being  measured.     An 
ordinary  spring  balance  for  weighing  may  thus  be  used  for  a  dyna- 
mometer, from  which  it  would  seem  that  this  instrument  is  named  ac- 
cording to  the  service  required  of  it,  as  sj.ring  balance,  dynamometer, 
etc.     Dynamometers  are  divided  into   two   classes,  viz.  :   Absorption 
Dynamomftfrs  and  Transmission   Dynamometers ;    the    former    bein-^ 
esjxjcially  adapted  to  the  measurement  of  the  power  develoi)ed  by 
motors,  by  absorbing  or  neutralizing  it,  usually  by  friction,  but  not 
applicable   for   measuring   the   power   required   to  drive  a  lathe  or 
grindingniill;  while  the  second,  or  Transmission  Dynamometer,  is 
especially  adapted  for  determining  the  amount  of  power  necessary  to 
drive  a  machine  by  measuring   it   while    being    transmitted    to   the 
machine.      The  Transmission  Dynamometer  may.  however,  be  useil 
also  for  ascertaining  the  power  of  motors,  the  instrument  being  applied 
near  the  motor  and  transmitting  all  its  power. 

•According  to  Morin,  the  sensibility  of  a  dynamometer  should  be 
proportional  to  the  intensity  of  effects  to  be  measured,  and  should  not 
be  liable  to  alterations  by  use.  The  indications  of  llexures  should  be 
obtained  by  methods  independent  of  the  attendance,  fancies,  or  pre- 
possessions of  the  observer,  and  should  conscfpiently  be  furnished  by 
Ihc  instrument  itself,  by  means  of  tracings,  or  material  results,  remain- 
ing after  the  experiments.  The  observer  should  be  able  to  ascertain 
the  effort  exerted  at  each  point  of  the  path  described  by  the  i)oint  of 
application  of  the  elTort,  or,  in  certain  cases,  at  each  instant  in  the 
period  of  oWrvations.  If  the  ex])eriment  from  its  nature  must  be 
continued  a  long  time,  the  apparatus  should  be  such  as  can  easily  de- 
termine the  total  quantity  of  work  expended  by  the  motor. 

To  meet  these  conditions  various  instruments  have  been  designed 
bv  Morin,  Webl>er,  Briggs,  Tatham.  Hrackett,  Martig.  and  others,  all 
of  which  are  sufficiently  accurate  for  all  practical  purposes,  lint,  in 
addition  to  possessing  accuracy,  and  the  other  (pialifications  already 
mentioned,  a  dynamometer  should  be  simple  in  construction,  light  for 
transportation,  f|uick  in  adaptation,  easy  to  read,  and  the  results  such 
as  cin  br  r  n.irlK-  ..n  verted  into   the   horsepower  transmitted,  and 
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above  all,  the  machine  sufficiently  cheap  to  be  within  reach  of  every 
manufacturer. 

To  this  end,  after  a  fruitless  search  in  the  market  for  a  truly  desirable 
instrument,  the  Transmission  Dynamometer,  illustrated  in  Fig.  i,  was 
designed  and  built  by  the  writer  for  the  Testing  Laboratory  of  the 
Ohio  State  University,  where  it  has  done  admirable  service.  This 
machine   consists   essentially  of  a   supporting  frame,  or  pedestal,  a 


Fig.  I. 

T-shaped  arm  carrying  the  driving  mechanism,  and  a  graduated  scale 
or  weighing  apparatus. 

To  use  the  instrument  it  is  made  fast  to  the  floor  with  the  pulleys 
under  or  to  one  side,  but  in  the  plane  of  the  belt  which  drives  the 
machine,  the  power  to  drive  which  is  to  be  measured.  Then  with  the 
machine  set  as  shown  in  the  illustration  the  lower  pulley  of  the  dyna- 
mometer is  connected  with  the  machine,  while  a  second  belt  connects 
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the  pulley  on  the  instrument  with  the  pulley  on  the  power  shaft.  This 
arrangement  of  pulleys  enables  tlie  observer  to  cor.nect  his  instrument 
without  moving  either  the  machine  to  be  measured,  or  the  driver  on 
the  main  line. 

The  two  pulleys  of  the  instrument  are  mounted  on  a  strong  cross- 
tree  bar  so  that  they  both  overhang  and  can  be  swung  around  to  any 
position.  This  overhang  and  swing  makes  it  convenient  to  put  either 
belt  on  or  off  without  unlacing,  and  to  swing  the  pulleys  either  way 
for  tightening  or  loosening  both  bells.  We  may  say,  as  a  rule,  both 
bells,  for  in  setting  the  instrument  up  we  can  so  set  it,  both  as  to 
location  on  the  floor  and  position  of  cross-tree  bearing,  that  by  swing- 
ing the  cross-tree  one  way  we  tighten  both,  or  the  other  way  loosen 
both  belts.  This  movement  of  the  cross-tree  is  made  possible,  and 
even  convenient,  by  the  cylinder  and  flange  connection  to  the  head  of 
the  column,  the  latter  having  screws  and  slots  covering  the  full  circle, 
so  that  the  cross-tree  may  be  set  free  to  turn,  and  again  made  fast  in 
any  desired  position.  Thus  the  two  pulleys  may  be  swung  about  to 
any  position  in  the  whole  circle  to  suit  the  particular  location  in  hand. 
In  swinging  the  pulleys  and  cross-tree  thus,  the  set  screw,  making  fast 
the  poise  bar,  should  be  slackened  and  again  tightened  when  the  de- 
sired i)osition  is  found.  Thus  the  driving  belt  may  come  down  from 
above,  from  the  one  side,  or  from  below  to  its  proper  pulley  on  the 
short  arm  of  the  cross-tree;  while  the  i)ulley  on  the  longer  arm  is  to 
be  connected  to  the  machine  to  be  measured,  the  cross-tree  being  first 
set,  if  desired,  so  that  both  belts  are  loo^wned  or  tightened  simultane- 
ously, due  regard  l)eing  paid  to  the  ]ioise-bar  set  screw. 

Sometimes  it  may  be  desired  to  slacken  up  for  conveniently  lay- 
ing off  the  l)elts,  as  well  as  to  tighten  them.  This  feature  of  perfect 
adaptation  for  tightening  or  loosening  the  belts  has  been  found  a  most 
useful  one  in  practice  with  this  dynamometer,  as  the  belts  can  always 
l)e  given  the  necessary  tightness  without  going  beyond  the  most  suit- 
able conditions. 

The  pulleys  have  each  a  gear  on  the  end  of  the  hub,  both  of 
which  mesh  into  a  smaller  gear  between,  the  latter  being  supported  on 
a  |)in  made  fast  as  a  crank  j»in  in  the  arm  from  a  shaft  which  i)asses 
through  the  centre  of  the  hub  of  the  cross-tree  in  the  head  of  the 
main  column.  To  the  opposite  end  of  this  shaft  the  poise  bar  is  made 
fast  by  a  set  screw  in  a  boss  to  which  the  i)oise  bar  is  secured.  Thus 
when  the  small  intermediate  gear  is  thrust  to  the  one  side  or  the  other 
by  the  large  gean»,  the  poise  l>ar  is  correspondingly  moved. 
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It  will  now  be  readily  understood  that  as  work  is  transmitted 
from  one  pulley  to  the  other  through  the  intermediate  gear  on  the 
crank  pin,  the  latter  will  be  thrust  to  one  side  with  a  force  proportioned 
to  the  effort  transmitted,  and  that  the  same  will  tend  to  tip  the  poise 
bar,  to  prevent  which  weights  are  applied.  It  is  plain  that  the 
equilibrating  weights  on  the  poise  bar  of  a  duly  calibrated  instrument 
together  wnth  speed,  etc.,  furnish  data  for  calculation  of  the  work 
being  transmitted. 

The  poise  bar  is  graduated  and  has  a  sliding  weight,  called  poise 
weight,  to  move  from  one  end  to  the  other,  and  the  graduations  count 
from  o  at  the  middle  to  10  at  either  end.  At  each  end  of  the  bar  is  a 
knife-edge  pin  to  which  is  suspended  a  rod  and  foot  plate,  or  pan, 
that  may  carry  fourteen  or  less  weights  of  five  lbs.  each.  Every 
weight  is  marked  "5  fts.^ioo  ft.  lbs.  per  rev.  as  shifted  from  pan 
to  pan." 

In  starting  an  experiment,  the  fourteen  weights,  or  less  if  pre- 
ferred, may  be  equally  divided  between  the  opposite  ends  of  the  poise 
bar,  and  the  poise  weight  may  be  in  the  middle  of  the  poise  bar,  when 
the  latter  is  in  equilibrium,  or  balanced.  Now  the  poise  weight  is 
niDved  out  more  and  more  on  the  poise  bar  till  the  end  is  reached  if 
not  sooner  equipoised  by  the  work  being  transmitted.  Then  the  poise 
Aveight  is  brought  back  to  the  centre,  and  one  5 -lb.  weight  at  the  same 
time  moved  over  from  one  poise  pan  to  the  other,  the  same  making  a 
difference  of  10  lbs.  and  just  equal  to  the  10  of  the  poise  weight 
moved  from  end  to  centre.  Then  the  poise  weight  is  moved  out  more 
and  more  again  till  the  end  figure  10  is  again  reached,  if  not  sooner 
€quilibriated,  when  it  is  again  moved  back  and  another  5-lb.  weight 
moved  over,  and  so  on.  Finally  an  equilibrium  is  found  as  between 
the  poise  bar  at  one  end  and  the  gears  at  the  other  end  of  the  crank 
shaft.  Then  a  count  of  the  weight  will  tell  the  number  of  jjounds  that 
acted  to  turn  the  poise  bar;  the  poise  weight  being  perhaps  at  6,  and 
the  5-tb.  weights  perhaps  adding  up  to  30,  as  if  3  weights  were  moved 
over  from  one  side  to  the  other.  It  is  to  be  observed  that  each  5-lb. 
weight  moved  over  counts  10  in  the  equipoise,  as  by  taking  5  off  of 
one  side  and  putting  it  on  the  other  making  10  in  effect. 

The  three  weights  moved  over  then  count  30  pounds  and  the 
poise  weight  counts  6  pounds,  rxiaking  36  pounds  in  all.  The  work 
being  transmitted  is  therefore  360  foot-pounds  per  revolution,  the 
number  of  pounds  being  multiplied  by  ten  to  give  the  foot-pounds  per 
revolution. 
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Another  way  to  count  is  to  keep  track  of  tlie  number  of  weights 
moved  over,  each  counting  loo  foot-pounds.  Then  the  three  weights 
and  the  six  on  the  jKjise  bar  make  in  effect  2,-6  weights  or  360  foot- 
pounds per  revohition. 

The  tables  are  added  to  ilhistrate  the  calibration  and  the  reduction 
of  ub>ervations  made  with  the  instrument. 

TArLE    I. 

Giving  corrections  for  readings  taken  from  the  Transmission 
Dynamometer  in  use  at  the  Ohio  State  University. 
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Table  I  shows  that  readings  from  the  instrument  mentioned 
are  very  readily  corrected,  it  simjily  rt<juiring  five  to  be  deducted. 

'Ilie  diagram  also  shows  that  the  various  results  of  observation  plot 
very  near  to  a  straight  line  lyiuu  at  an  angle  of  45",  there  being  a 
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close  agreement  between  the  various  observations.  Each  new  instru- 
ment should  have  a  correcting  diagram  of  some  kind  made  out  ior 
itself,  as  the  law  of  each  instrument  may  differ  from  that  of  another. 
Table  II  is  an  example  of  results  of  observations  for  deter- 
mining the  horse-power  required  to  drive  a  ventilating  fan  of  about  5 
feet  diameter. 

Table  II. 
Power  Required  to  Drive  a  VsNTrLATiNG  Fan. 


Size  of  Fan 

ORIFICE. 

DVNAMOMETER 

Readings. 

Corrected 
Readings,  fi 
PER  rev 

DVN. 

.  LBS. 

Revolutions 
PER  minute. 

H.  P.  TO 
RLN  FAN. 

I  foot 

310  0 

305.0 

336 

311 

2  feet 

285.3 

280.3 

432 

3-7° 

3  feet 

259-3 

2543 

444 

3-40 

4  feet 

127.6 

122.6 

328 

1.22 

4  feet 

214.5 

209.5 

45<^ 

2.86 

4  feet 

224.5 

3195 

440 

2.93 

4  feet 

256.0 

251.0 

460 

3-5° 

4  feet 

254.1 

248.1 

490 

3.68 

The  figures  in  the  column  of  readings  are  the  means  of  several 
readings,  and  hence  the  decimals. 

The  corrected  readings  are  obtained  from  the  Table  I  above  for 
correcting  the  readings  of  this  instrument  which  gave  these  results. 
The  Table  I  shows  that  5  is  to  be  subtracted,  simply  from  each 
reading,  thus  explaining  the  difference  between  columns  2  and  3. 
Hence  in  column  3  we  have  the  foot-pounds  per  revolution  of  dyna- 
mometer pulley.  Before  correcting,  we  have,  as  readings,  the  figure 
310,  which  means  that  three  of  the  5 -pound  weights  had  been  passed 
over  from  one  scale  pan  to  the  other,  making  300  foot-pounds  per 
revolution  while  the  poise  bar  read  i  or  10  foot-pounds  per  revolution, 
making  310  foot-pounds  per  revolution  as  uncorrected. 

But  other  instruments  may  not  always  give  readings,  the  correc- 
tion for  which  will  be  5  to  subtract,  but  some  figure  to  be  deter- 
mined by  calibration,  similarly  as  was  done  for  Table  I. 

Among  the  advantages  of  this  instrument  may  be  mentioned  its 
adaptation  for  receiving  the  belts  from  any  direction  as  down  from 
above,  from  one  side,  or  up  from  below.  In  each  case,  the  most 
advisable  arrangement  is  to  place  the  cross-tree,  on  which  the  pulleys 
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are  mounted,  in  such  position   that   both  belts  will  be  ri.ht       a  , 

the  belts  can  \^  adjusted  any  time  to  be  jtist  at  til  Z      T.  u       " 
without  .lacing,  and  b,  simpl,  swin.in,  Z  t^:.^  '''''''-' 

Tot^rzt^^^'^^'^--— -^^^^ 

n-diameter  of  the  belt  pulley  (driven  pulley). 
K=radms  of  gear  on  that  pulley 

' — '''^"  length  of  poise  bar. 
W=din-erence  of  weights  on  scale  j.ans 
w=,X).se  weight,  "reduced  "  to  scale  pan 
F=d.frerence  of  belt  tensions  on  driven  jndley 
T-tangential  component  of  pressure  between  gear  teeth 

r=pressure  against  crank  pin 

n=number  of  revolutions  of  p„lley  per  „,in„te 

S=sr,uare  ft.  of  belt  per  FT.  P.  per  minute 
"=w,dth  n(  belt  on  dynamometer  pulley. 

Then 


n       FD 


2  K         R 


fr=(W+,v,l       '■  '^•' 

or  ^^°°° 

33000        s 

f\v  4-  w)  I  ^  "•■      " 


and 


'  =  «3-54  inches,  and  u  =  6  inches.  "^^^  '"'^''^'' 

Then,  taking  the  highest  v^l.lP^^^ 
we  have  ^  '"^  "^  '^  ^'  ''°°o.  ^"d  .solving  for  S, 

S  =  !:_?_"  «      3i.  n  »oco.' 

«*^*^S  733  snuare  feet  of  belt  i...r  , 

when  the  instrument  i.s  working  to  its  hi  r"  '""'""  "''^  ^'^^  ^'""^y 

•^•ng  to  ,ts  highest  capacity.     This  figure 
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is  more  ample  than  the  60  determined  by  J.  H.  Cooper  as  a  fair  value 
some  years  ago. 

The  quantity  of  weights  to  accompany  the  instrument  is 

13r     u 
W  4-  w  =  ,    ■  3^000  =  82  lbs. 

^  IRS    ^^ 

as  found  by  substituting  and  reducing. 

Making  the  weights  of  5  lbs.  each  and  allowing  10  lbs.  for  the 
equivalent  of  the  poise  weight,  we  find  we  require  a  trifle  over  14 
weights,  but  propose  14  as  the  number  to  go  with  the  instrument. 

In  this  case  7  or  less  may  be  placed  on  each  pan  in  starting  an 
experiment,  the  poise  weight  being  at  the  centre.  This  collection  of 
weights  on  poise  bar  will  serve  as  an  efficient  inertia  damper  to  check 
jerky  movements  of  the  poise  bar,  and  reduce  demands  upon  the 
dash-pot. 

Then,  as  above  explained,  proceed  by  moving  the  poise  weight 
slowly  out  to  the  end  of  the  graduation,  10,  if  not  sooner  balanced  by  the 
power  transmitted.  Then  move  the  poise  weight  back  to  o,  and  move 
over  a  5-lb.  weight  from  one  pan  to  the  other  which  amounts  to  10  in 
effect,  and  equals  the  effect  of  the  poise  weight  just  returned  to  centre; 
then  move  the  poise  weight  out  again  to  10  if  not  sooner  balanced; 
then  moving  it  back  to  o  and  transfer  another  5-fb.  weight  from  pan  to 
pan,  and  so  proceed  till  the  balance  is  obtained  between  power  and  i)oise 
bar.  Then  count  up  the  weights  moved  over,  each  being  counted 
for  100  foot-pounds  per  revolution,  allowing  the  same  for  the  poise 
weight  clear  out,  as  already  described  in  the  previous  example.  If  4 
weights  were  moved  over,  they  would  count  400  foot-pounds  per 
revolution,  and  if  the  poise  weight  were  clear  out  it  would  count  100, 
or  500  foot-pounds  per  revolution  in  all.  Or  if  the  poise  weight  were 
at  3.7  the  count  would  be  437  foot-pounds  per  revolution,  etc.  If 
running  at  100  revolutions  per  minute  the  H.  P.  transmitted  would  be 

liZ^=,.324H.P. 
33000 


PAVING   BRICKS. 

'IksTKI)    for  C"(>MrKKS<I\  K   MKKNCIH    AND    Al'.SORPTlON   (I'KR  CENT.). 

By  /.   Paul  Anderson,  M.  /:".,  Professor  of  Mechitnical  Engineerine^, 
State  College  of  Kentucky,  Lexington,  Ky. 

Till!    following    tables   present   the    results  of  a    series    of  tests 
on     twenty   different    kinds  of    paving  bricks  to  determine 
their  compressive  strengths  and   the   per  cent,    of   moisture 
absorbed. 

A  brick  to  be  well  adapted  for  street  jjaving  purposes  must,  first 
of  all,  have  a  good  compressive  strength. 

Secondly,  a  i)aving  brick  must  not  be  brittle,  therefore  its  spall- 
ing  point  should  be  high. 

Thirdly,  a  paving  brick  should  not  absorb  more  than  3.5  ]ier 
cent,  of  moisture. 

The  last  qualification  is  regarded,  by  some  street-jiaving  engi- 
neers, to  be  most  important,  for  they  contend  that  all  bricks  are  prac- 
tically strong  enough  to  carry  all  loads  put  upon  them,  and  that  the 
tendency  to  disintegrate  determines  the  life  of  a  brick.  The  con- 
tinued freezing  and  thawing  of  a  brick  full  of  water  surely  starts  in- 
ternal fractures. 

The  compressive  tests  of  the  bricks  hereafter  recorded  were  con- 
ducted with  great  care.  The  bricks  were  first  cut  in  half  by  a  skillful 
stonecutter;  their  middle  faces  were  ground  jjarallel.  .\  Richie 
100,000  jjoimd  Screw  Testing  Machine  was  used  in  the  work,  and 
for  several  specimens  the  machine  was  loaded  25  per  cent,  above 
its  capacity.  The  specimens  were  imbedded  in  plaster  of  Paris 
on  the  compression  plates,  the  line  of  stress  being  coincident  with 
the  line  of  pressure  in  i)ractice.  (The  bricks  were  crushed  on 
edge.) 

After  each  test,  the  machine  was  balanced  to  avoid  any  error. 

The  ordinary  plan  employed  in  the  testing  of  bricks  for  absorp- 
tion was  not  ado|>ted  in  this  case.  The  tisual  method  is  to  cut  the 
brick  in  half  and  put  both  halves  in  water  for  seventy-two  hours, 
weighings  being  made  before  and  after  immersion. 

This  method  I  deem  unscientific  and  unfair,  as  gla/.cd  and  un- 
glazed  bricks  surely  would  not  be  tested  on  the  same  basis. 
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Fracture  of  a  Mack  Fire  Clay  Brick. 
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The  plan  employed  in  the  tests  recorded  was  to  cut  from  the  in- 
t.'ri.T  of  the  bricks,  avoiding  all  -lazed  surface,  a  block  which  was 
■«'Iid  and  free  from  cracks. 

These  blocks  were  dried  and  weighed  on  a  chemical  balance  to 
within  1-500  of  a  grain,  then  immersed  in  water  twenty-four  hours 
and  weighed  again,  giving  the  per  cent.  ..f  moisture  absorbed  very 
accurately, 

I  also  present  photographs  of  fractures  of  sets  of  bricks,  which 
indicate  very  clearly  the  homogeneous  structure,  comijaratively.  of  the 
various  types.  On  page  109  is  shown  a  fracture  of  a  Mack  fne-clay 
brick,  which  approaches  very  nearly  the  pyramidal  form. 

On  ixige  MI  is  shown  the  two  pyramidal  fractures  of  a  Mack 
fire-clay  block  just  as  they  stood  in  the  machine  after  the  fmal  giving 
way  of- the  specimen. 

In  some  cases  the  number  of  specimens  tested  of  each  set,  was 
not  larg",  but  included  all  we  were  able  to  secure. 

Most  of  the  varieties  in  <p.estion  contained  over  si.x  specimens 
therefore  the  average  results  are  to  be  depended  upon. 

F-or  a  number  of  years  some  of  the  makers  of  paving  bricks  have 
contended  that  a  pavin.i;  brick  should  not  ab.sorl,  more  than  2  5  per 
cent,  of  moisture,  and  in  most  of  the  cities  specifications  for  street 
pavmg  have  si>ecified  iliat  any  brick  absorbing  more  than  2.5  per 
cent,  of  moisture  would  be  rejected. 

Experience  has  prove.,  that  a  first-class  paving  brick  may  absorb 
as  much  as  4  per  cent,  of  moisture,  and  it  has  been  unfortunate  that 
makers  of  paving  bricks,  in  order  to  complv  with  the  2,,-  percent 
requ.renjent,  have  gone  to  the  other  extreme,  and  are  pulting  upon 
the  market  a  brick  almost  impervious  to  water.  b,t  one  extremely 
brittle  and  glassy.  ' 

When  a  paving  brick  becomes  impervious  to  water  we  are  bound 
to  make  the  same  so  rigid  and  brittle  that  its  pliabilitv  is  lost,  and 
therefore  loses  one  of  the  most  desirable  features  of  a  successful  paving 
brick.  '         ^ 

The  record  of  tests  for  compressional  strength  and  the  amount 
of  moisture  absorbed,  herewith  presented,  includes  twelve  of  the  most 
.mportant  and  reliable  paving  bncks  made  in  the  cuntrv,  and  .lie 
.llustrations  of  the  fractures  form  an  important, feature,  for  by  these 
fractures  we  are  able  to  determine,  to  a  large  exfen,.  the  homogeneity 
of  the  paver,  and  by  this  means  the  care  with  which  the  material  is 
ground  and  worked  will  |je  apparent. 
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REI'ORT  OF  AHSORITION  TESTS  OF 


Color. 


Company  SubmitlinR 
Specimen. 


(  Km  If^  •blinks  .V  Si. :i,  .      I',  .i  i^iiK  .iiili .  <  •liio.        ( ILizcil.     o     X4     X3       I'.luisli  l)rown, 


1'    l'aiiii"ii,      .... 
Grant  R'.  U.  Co.,     .    .    . 
L)ttle  &•  Dolan,     .    .    . 
Grant  R.  H.  Co 

Charles  Spinks  iV  Son, 

Lyttle  &  Dolan,     .    .    . 

liunl'lon  Construct.  Co 
Charles  Spinks  &  Son,  . 

Hiirit'toii  ron^friict.  Co., 


1  "\\\-\  illr,  Ky.,    .    . 
Middlcjwrl,  Ohio,  . 
Philipsburg,  I'n.,     .  I 
Middlcport,  ( )liio,  . 

Ironlon,  <  )hio,    . 
Canton,  Ohio,      .    . 
New  Cumb'Id,\V.Va. 
Portsmouth,  Ohio, 

New  Cumb'ld.W  A'n. 


Standard  Construct.  Co., 
Ilunt'ton  Construct.  Co. 

Standard  Construct.  Co. 

Hunt  lull    (  niislriul     ( 'n 

Standard  <_oii5lnict.  Co. 
I.e'ingi''in  bncV  '  ■ 


Robbins,  Ti.nn., 
New  Cumb'ld  W.Va. 

Robbins,  Tcnn., 
Now  Cunib'ld,\V.Va. 
Robbins,  Tenn., 


L  iigl'/d,    >'2X4  x2)^  Hrownish  red, 

Cda/ed,     9     X4  X3      Dark  brown, 

Ungl'zd,    8^2x4  X2)^  Dark  red,  .    . 

Cilazed,     S     x4  x2?/2  Hluish  brown, 

"        I  9     X4  X3     I  Dark  brown, 

Ungl'zd,    8^x4  X2|2  Hrowiiisji  red, 

"  9     M  X3     I 

Glazed,    9     X4  X3     iRed'sh  brown, 

I'ngrzd,    8     X4  x2'2  Dark  red,  .    . 

.s     \4  xj'j 

"        I  8     X4  \2yi  Yel'ish  brown, 

8     x4  x2;^ 

8;4x4  X2J(4 

(ilazed,     9     x4  x2|^  Dark  brown, 

I 

UnglVd.    9 '4  "4  "3      Vci'islibrovn, 

"        ,  9     X3^x2>4 


"  "  .  I  Glazed,    ^y^x^^^xiyi  Dark  drown, 

pxinRion,  Ky.,     .  I  Ungl'zd,    8^x4     x2^.Darkred,  .    . 
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Label  attached  to  Specimen.      c/:'j 


Kentucky  Block,   . 

Bannon  Brick,    .    . 
McManigal,    .    .    . 
Monongahela  Shale, 
Riverside  Paver,     . 

G.-ant  Block  R.  B.  Co 

Ironton  Y .  B.  C.  Paver, 

Canton  Shale  Paver, 

Mack  Shale  Block,    . 

Charles  Spinks  &  Son, 

/  Mack     Shale     Re-  \ 
\      pressed  Brick,     .   j 

f  Mack  Shale  Stand-  \ 
\      ard  A  Square,     .    j 

f  Mack    Fire   Clay       "| 
\     Re-pressed  Brick,  j 

Robbins  Paver,  .    .    . 

f  Mack  Fire  Clay         ) 
\  Standard  A  Square,  )' 

Hallwood  Block,    .    . 

Mack  Fire  Clay  Block, 

Hallwood  Block,    .    . 

Robbins  Paver,  .    .    . 
Lexington  Brick,  .    . 


S^  5'  'Z 

a.-  -  >  E 

-o^^  -So 

„  «  tao  C 

u  rt  6  "J 


425.19]  427.55,   2.36; 

211.42,  213.14  1.72 

287.811  291.85  4.04 

262.79  266.84  4-05 

317.23  322.37  5.14 

312.85  31S.02    5.17 

253-37  257-61    4.24 

343.01  349-97    6.96 

I 
232.81   237.77,  4.96 

377-16  385.30,  8.14' 
232.81  238.841  6.03! 

455.12'  468.06  12.94 

236.09:  242.85    6.76, 

187.27, 193.25  5.98 
245.12  253.06  7.94 

190.17'  196.35  6.1S 

366.73  379-25 12.52 

176.61  183.46'  6.85 

240.85  251.13 10.28, 
1 244.21 282  43  38  22 


0.2? 


•55, 

.81 
1-4 

1-54 
I  62 

1.65 

1.67 
2.02 

2.13 
2.16 

2.58 
2.84 
2.86 
3-19 

3-24 

1 

2.25 
3.41 

3.87! 

i 
4.27 

15-65' 


Middle  edges  sharp.  Two 
continuous  grooves  011 
largest  and  smallest   faces. 

Smallest  edges  round. 


Edges  sharp. 

Three  grooves  on  back. 

f  Middle  edges  sharp.  Three 
(^      grooves  on  back. 

Edges  sharp. 

Edges  sharp. 

Middle  edges  sharp. 

Two  grooves  on  largest  faces. 

Middle  edges  sharp. 

Edges  sharp. 

Middle  edges  sharp. 

Middle  edges  sharp. 

Shortest  edges  round. 

(  Middle  edges  sharp.  Two 
J  conlinuous  grooves  on 
(_      largest  and  smallest  faces. 

Middle  edges  sharp.  Two 
continuous  grooves  on 
longest  and  smallest  faces. 

Middle  edges  sharp. 

Edges  sharp. 
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STRENGTH  OF  1CE.=== 

/.      (  .  (/'.   />>.;.';.  .-/.  M.  Muttu,  luiii  II.  E.  Reeves,  Students  in   Class  of  'gj,  Civil 
Engineering  Course,  University  of  Illinois,  Champaign,  III. 

TmC  comparative  scarcity  of  published  records  giving  experi- 
mental data  concerning  the  strength  of  ice,  suggested  the 
desirability  of  further  investigation  of  the  subject.  Only  two 
records  of  compressive  tests  and  one  of  tensile  tests  could  be  found ; 
the  first  and  more  elaborate  of  these  was  executed  by  Col.  William 
Ludlow,  in  iSSo  and  1881,  in  connection  with  the  construction  of 
an  ice  harbor  in  the  Delaware  River,  at  Liston's  Point,  and  the  second 
tests  were  made  by  Fruhling,  a  German  experimenter,  about  1885. 

Col.  Ludlow's  experiments,  consisting  of  only  eighteen  com- 
pressive tests,  gave  a  crushing  strength,  varying  from  100  to  1,000 
pounds  per  square  inch,  with  an  average  of  about  575.  The  ice  used 
by  him  was  of  poor  (|uality,  a  considerable  portion  being  frozen  snow, 
or  frozen  snow  and  ice  combined.  The  temiierature  of  the  ice  during 
the  time  of  testing  ranged  from  25°  to  31°  F. ,  while  the  temperature 
of  the  room  varied  from  29.6°  to  68°  F.  The  distribution  of  pres- 
sure was  equalized  by  placing  small  blocks  of  white  i)ine  between  the 
faces  of  the  cubes  and  the  upi)er  and  lower  surfaces  of  the  press.  In 
conclusion,  he  says  that  "  the  minimum  pressure  requisite  to  crush  ice 
of  the  clearest  and  most  compact  structure  is  1,000  pounds  per 
square  inch ;  that  ordinary  clear  ice,  such  as  we  get  from  the 
upper  Delaware  River,  would,  under  certain  conditions,  resist  a  pres- 
sure of  700  |)Ounds  per  square  inch,  and  that  ice  in  the  condition  that 
we  should  be  likely  to  find  it  in  the  Delaware  River,  at  Liston's  Point, 
would  crush  with  400  or  450  pounds  per  square  inch  or  less,  from  its 
gradual  disintegration  by  exposure  to  the  sun,  air,  and  salt  water." 

Fruhling's  experiments  were  made  upon  clear  block  ice  tested  at 
2-y'  \' .  He  observes  that  •'  as  the  pressure  was  increased  the  cracks 
became  more  numerous  until  they  went  all  through  the  test  piece.  As 
the  pressure  was  further  increased  the  height  of  the  blocks  began  to 
diminish,  and  their  cross-section  to  increase,  until  ultimately  they 
wore  flattened  out,  never,  however,  giving  way  suddenly.  The  only 
stage  in    the  flattening-out  process,  at  which  the  pressure  was  accu- 


•  Extracts  from  The  Teehnograph,  No.  9. 
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rately  noted,  was  that  at  which  the  height  of  the  block  began  to 
diminish."  The  pressure  at  which  the  height  began  to  diminish  per- 
ceptibly varied  from  216  to  380  pounds  per  square  inch,  while  the 
pressure  at  which  cracks  began  to  form  varied  from  60  to  200  pounds 
per  square  inch. 

The  crushing  tests  of  ice  executed  by  the  writers  were  made  wilh 
a  100,000-pound  Riehle  Testing  Machine.  The  test  pieces  were 
sawn  from  blocks  of  ice,  and  their  surfaces  were  planed  down  by 
means  of  a  straight-edge  made  from  a  thin  bar  of  iron.  The  cubes 
were  crushed  between  sheets  of  heavy  card-board,  which  served  ef- 
fectually to  cushion  the  compressed  surfaces.  To  prevent  concentra- 
tion of  pressure,  due  to  non-parallelism  of  opposite  faces  of  the 
cube,  or  of  the  testing  machine,  the  adjustable  compression-plate 
shown  in  Fig.  i  Avas  used. 


Fig.   I. 


This  device  consists  of  two  thick  circular  plates,  six  inches  in 
diameter,  the  top  face  of  the  upper  and  bottom  face  of  the  lower 
being  true  planes.  On  the  lower  side  of  the  upper  piece  is  a  solid 
spherical  segment  which  fits  into  a  spherical  socket  in  the  top  of  the 
lower  casting.  The  surfaces  in  contact  are  smoothly  and  accurately 
shaped.  By  thorough  lubrication  of  the  segment  an  exceedingly 
delicate  equalization  is  secured,  even  under  the  heaviest  pressures. 

At  the  time  the  experiments  were  undertaken  natural  ice  had  not 
formed  of  sufficient  thickness  to  afford  test  cubes.  A  cake  of  arti- 
ficial ice  14x14x30  inches  was  procured.  From  it  were  prepared  four- 
10 
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I  ^S  Dii^isf  of  ritysical  Tests. 

teen  4iiich  and  thirteen  Cinch  cubes,  besides  a  number  of  small 
slabs.  This  ice  was  maniifactureil  in  the  usual  manner — that  is,  by 
immersing  cans  filled  with  water  in  cold  brine.  The  ice  fust  forms 
on  the  sides  and  bottom  of  the  can  and  gradually  freezes  to  the  centre. 
Most  of  the  impurities  of  the  ice  are  thus  concentrated  at  the  centre 
of  the  cake,  together  with  the  air  contained  in  the  water. 

The  natural  ice  was  obtained  from  a  jiond  near  by,  and  was  (juite 
free  from  air  bubbles  and  impurities. 

Ice.  when  subjected  to  pressure,  is  resolved  into  columns  whose 
direction  is  normal  to  the  surface  which  was  in  contact  with  the  water 
while  freezing.  In  natural  ice  these  columns  are  parallel,  hence  the 
pressure  is  always  apjilied  perpendicular  or  parallel  to  them.  By  ex- 
amining Table  II  it  will  be  seen  that  those  pieces  tested  with  the  pres- 
sure parallel  to  the  columns  developed  about  77  per  cent,  greater 
strength  than  those  tested  with  the  pressure  perjjendicular  to  the 
column.  Test  piece  No.  45  gave  a  very  high  result — 2.818  pounds 
per  square  inch.  This  piece  was  remarkably  clear  and  free  from  air 
bubbles.      Rejecting  it,  the  percentage  is  reduced  to  63. 

In  artificial  ice  the  columns  extend  from  the  side  toward  the 
centre,  and  from  the  bottom  up.  In  cubes  cut  from  the  corners  of  a 
cake  of  artificial  ice  the  columns  were  ft)und  to  cross  or  intersect  at 
right  angles,  and  in  such  cubes  the  fracture  is  always  in  a  ])lane  cut- 
ting the  diagonally  opposite  edges,  the  one  half  sliding  on  the  other. 
It  is  possible,  therefore,  by  selecting  test  pieces  from  different  ])arts 
of  the  original  cake,  to  obtain  widely-varying  results  for  the  crushing 
strength.  The  great  difference  between  the  average  crushing  strength 
of  natural  and  artificial  ice  is  thus  easily  ex|)lained. 

It  was  found  that  in  homogeneous  ice  the  phenomenon  of  failure 
by  crushing  is  similar  to  that  of  ciibts  of  sandstone  tested  in  a  like 
manner — that  is,  a  cone  is  forced  out  from  each  of  the  four  vertical 
sides. 

A  few  small  pieces  of  ice  were  crushed  at  32"  F.,  mainly  for  the 
purpose  of  observing  the  phenomena  due  to  crushing  at  that  tempera- 
ture. In  every  such  case  the  ice  gave  way  gradually  and  changed 
form  slowly.  Ice  at  this  temperature  possessed  (juite  a  degree  of 
plasticity  and  exhibited  scarcely  any  of  the  j)henomena  shown  by  ice 
crushed  at  lower  temperatures. 

It  would  be  of  interest  to  make  a  series  of  tests  through  a  great 
range  of  temperature  and  plot  the  results,  so  as  to  show  the  relation 
l>ctween  stren^'th  and  iLMiiiKT.iture. 
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TABLE  II. 
Summary  ok  Tahi.e  I.  Pounds  per 

square  inch. 

Mean  Strength  of  five  4-inch  cubes  of  artificial  ice,  tested  at  25.7°?.,  .    .    .    .  569 

Mean  strength  of  three  4-inch  cubes  of  artificial  ice,  tested  at  23°  F.,  ....  625 

Mean  strength  of  eight  6-inch  cubes  of  artificial  ice,  tested  at  23°  F.,  .    .    .    .  617 

Mean  strength  of  all  cubes  of  artificial  ice,  tested  at  23°  F., 620 

Mean  strength  of  four  4-inch  cubes  of  artificial  ice,  tested  at  14°  F.,    ....  i,oii 

Mean  strength  of  five  6-inch  cubes  of  artificial  ice,  tested  at  14°  F.,    .    .    .    .  822 

Mean  strength  of  all  cubes  of  artificial  ice,  tested  at  14°  F., 906 

Mean  strength  of  all  cubes  of  artificial  ice  tested, 560 

Mean  strength  of  seven  4-inch  cubes  of  natural  ice,  with  direction  of  pres- 
sure perpendicular  to  columns,  tested  at  12.02°  F., 1,070 

Mean  strength  of  eight  4-inch  cubes  of  natural   ice,  with  direction   of  pres- 
sure parallel  to  columns,  tested  at  12.2°  F., 1,845 

Mean  strength  of  all  cubes  of  natural  ice  tested, i,45i 

Experiments  were  also  made  upon  the  crushing  strength  of  slabs 
of  ice,  the  results  of  which  are  shown  in  Tables  III  and  IV : 

TABLE  IV. 
Summary  of  Table  III.  Pounds  per 

square  inch. 

Average  of  all  natural  ice  slabs  tested, 777 

Average  of  the  four  most  nearly  perfect  slabs  of  natural  ice, 932 

Average  of  all  slabs  of  artificial  ice  tested,      718 

Average  of  nine  most  nearly  perfect  slabs  of  artificial  ice  tested, 763 

Tensile  Strength. 

The  tests  for  tensile  strength  were  made  with  a  Riehle  cement 
testing  machine.  The  briquettes  were  made  by  placing  the  brass 
cement  briquette  molds  in  a  shallow  pan  of  water  and  allowing  it  to 
freeze.  The  briquettes  were  easily  removed  from  the  molds  by 
allowing  a  stream  of  water  to  flow  over  them  for  a  short  time,  their 
cross-section  not  being  sensibly  reduced  by  this  operation.  Nos.  21, 
22,  2T„  and  27  were  shaved  to  a  less  cross-section  than  one  sciuare 
inch.  By  reducing  the  cross-section,  and  thereby  the  ultimate 
strength,  a  greater  and  more  nearly  correct  value  of  the  unit  tensile 
strength  at  that  temperature  was  obtained.  A  large  per  cent,  of  the 
briquettes  broke  in  the  grips,  due  to  cross-stresses  induced  by  partial 
crushing.  It  would  seem  from  the  experiments  that  a  slight  differ- 
ence in  temperature  makes  considerable  difference  in  the  tensile 
strength  of  ice. 

From  these  experiments  the  following  conclusions  may  be  drawn  : 
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1.  Ice,  when  subjected  to  pressure,  is  resolved  into  columns  nor- 
mal to  the  natural  surface. 

2.  The  greatest  strength  is  obtained  when  the  direction  of  ap- 
plied pressure  is  parallel  to  the  columns,  and  least  when  perpendicular 
to  them. 

3.  Ice  subjected  to  pressure  at  32°  F.  readily  changes  form. 

4.  Variations  in  temperature  produce  a  perceptible  influence  on 
both  compressive  and  tensile  strength  of  ice. 

TABLE  V. 

Data  on  Tensile  Strength  of  Natural  Ice. 

Experiments  made  at  the  Testing  Laboratory  of  the  University  of  Illinois. 


Temperature. 


23 
24 
25 
26 
27 
a8 
29 
30 
31 
32 
33 
34 


Dec.  28,  '94, 


13.1°  F.   19.4°  F 


2°  F.    2s°  F  , 


y 

5^1 

c 

r\       C 

•^l" 

Location  of 

'Z 

u  p 

jy  0  :^ 

Break. 

D 

r3  "^ 

Jj 

5-- 

gc^ 

Cfl 

5 

H'" 

IXI 

102 

102 

Centre. 

•32 

132 

Imperfect. 

179 

179 

Centre. 

163 

163 

Centre. 

239 

239 

Centre. 

228 

228 

Upper  grip. 

174 

174 

Lower  grip. 

191 

191 

Lower  grip. 

200 

200 

Lower  grip. 

218 

218 

Lower  grip. 

156 

156 

Lower  grip. 

215 

2«5 

Centre. 

165 

165 

Centre. 

200 

200 

Lower  grip. 

208 

208 

Centre. 

126 

126 

Centre. 

178 

178 

Centre. 

221 

221 

Lower  grip. 

120 

120 

Centre. 

no 

no 

Lower  grip. 

ix% 

167 

175 

Lower  grip. 

Vsm 

196 

256 

Lower  grip. 

1X^8 

138 

158 

Lower  grip. 

IXI 

I20 

120 

Upper  grip. 

" 

106 

106 

Centre. 

'• 

153 

153 

Centre. 

ix'i 

122 

139 

Centre. 

IXI 

124 

124 

Lower  grip. 

160 

160 

Upper  grip. 

167 

167 

Centre. 

159 

159 

Lower  grip. 

,48 

148 

Centre 

118 

118 

Lower  grip. 

120 

I20 

Lower  grip. 
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TABIE  VI. 

Sl-MMARV   OK   TaI'.LK    V.  p„„„d,   p„ 

.  ,.    .  S(|iiare  inch. 

Average  of  bnqnettes  tested  at  a  temperature  of  19.4°  F.  wliicl.  broke  in  centre.    1S4 
Average  of  bri.iuettcs  tested  at  a  icmperature  of  j^^  F.  which  broke  in  the 

centre,       

•  139 

Average  of  briquettes  tested  at  19.4°  K  that  broke  ill  the  grips I<,i 

Average  of  briquette*  tested  at  23°  r.  that  broke  in  the  grips, "  150 

Avt-rageof  all  briquettes  tested  that  broke  in  the  centre K.o 

Average  of  all  briquettes  testid  that  broke  in  the  grips ,(3,. 

Average  of  all  briquettes  tested  at  19.4°  F., jg, 

.\verage  of  all  briquettes  tested  at  23°  F., ,,^ 

Average  of  four  pieces  tested  with  a  less  cross-section  than  one  s<.uare  inch  at 

*-'  ' 182 

Averageof  all  briquettes  tested . 

^  The  results  of  five  tests  made  by  Fruhling  at  a  temperature  of 
2.?'  K.  gave  an  average  tensile  strength  of  1S9  i)ounds  per  s.iuare 
inch.     The  cross-section  of  his  specimens  was  0.77  s.juare  inches. 


DR.  ROBERT  H.  THURSTON. 

Pioneer  in  Scientific  Experimental  Knj^ineering. 

Tn  Dr.  Robert  H.  Thurston,  director  of  Sibley  College,  the 
School  of  Mechanical  Engineering  of  Cornell  Lniversity, 
whose  portrait  appears  in  this  number,  and  who.se  originality, 
thoroughness  of  investigation,  and  prolific  writing  has  made  his  name 
famous  throughout  the  engineering  world,  is  due  the  honor  of  having 
contributed  more  in  the  last  twenty  years  toward  a  better  knowledge 
of  the  physical  properties  of  engineering  materials,  in  all  possible 
forms  of  their  application,  than  has  been  accompli.shed  in  anv  half- 
century  belore. 

Robert  IT  Thurston,  burn  in  Providence.  R.  I.,  October  25th 
1839.  of  a  family  of  the  old  Viking  stock,  was  the  son  of  Robert 
Lawton  Thurston,  a  distinguished  inventor  and  mechanic,  who 
founded  what  is  now  the  Providence  Steam  Kngine  Co.  The  son  in- 
herited his  father's  talents,  but  confined  himself  more  to  the  theoreti- 
cal than  to  the  practical  side  of  engineering.  His  earlv  training  was 
received  in  the  public  .schools  of  Providence,  where,  during  holidays 
and  vacations,  he  picked  up  much  valuable  practical  experience  in  his 
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father's  works.  At  the  age  of  sixteen  he  entered  tlie  class  of  '59  at 
Brown  University,  in  which  year  he  received  the  degrees  of  Ph.  B. 
and  C.E.,  and,  later,  those  of  M.  A.  and  LL.  D. 

In  1S61,  after  a  short  business  experience  with  his  father,  Dr. 
Thurston  entered  the  Engineer  Corps  of  the  United  States  Navy,  and 
served  with  distinction  throughout  the  war,  attaining,  in  1865,  the 
rank  of  First  Assistant  Engineer,  when  he  was  detailed  to  the  profes- 
sorship of  natural  and  experimental  philosophy  in  the  United  States 
Naval  Academy.  His  success  as  a  teacher  of  science  was  remarkable, 
and  in  iSyohe  was  called  to  the  chair  of  Mechanical  engineering  at 
the  then  newly-founded  Stevens  Institute  of  Technology,  Hoboken, 
where,  in  1871,  he  organized  the  first  mechanical  laboratory  founded 
as  a  department  of  education  in  a  school  of  mechanical  Engineer- 
ing. It  was  here  that  he  discovered  the  exaltation  of  the  norma?, 
elastic  limit  in  iron  and  steel,  and  carried  on  the  first  and  only  com- 
plete systematic  investigation  of  the  strength  and  ductility  of  the 
copper-tin-zinc  alloys,  discovering,  in  1873,  the  maximum  alloys  of 
the  Kalchoid  series.  It  was  here,  also,  that  he  first  discovered  and 
investigated  the  variation  due  to  orthogonal  strains  in  the  elastic 
limit  of  metals,  conducted  the  first  investigation  of  the  principal 
methods  of  strain  on  timber,  discovered  the  fact  of  an  increa,sed  power 
of  resisting  stress  which  was  developed  in  iron  and  steel  by  their  sub- 
jection to  a  strain  which  produced  distortion  beyond  the  elastic  limit 
and  gav(5  them  set,  and  here  that  he  wrote  most  of  the  papers  on 
the  strength  of  materials  that  have  since  given  him  such  a  world-wide 
reputation. 

Dr.  Thurston  spent  the  summer  of  1873  at  Vienna  as  member  of 
the  International  Jury  of  the  United  States  Scientific  Commission. 
He  was  also  a  member  of  the  committee  of  the  American  Society  of 
Mechanical  Engineers  promoting  the  Centennial  Exposition  of  1876. 
He  was  given  an  '■'Ehren  Diplom  "  at  Vienna,  and  a  medal  and  di- 
ploma at  Philadelphia  for  his  autographic  testing  machine.  He  was 
the  first  President  of  the  American  Society  of  Mechanical  Engineers, 
three  times  Vice-President  of  the  American  Association  for  the  Ad- 
vancement of  Science,  Vice-President  of  the  British  Association,  and 
Vice-President  of  the  American  Institute  of  Mining  Engineers.  He 
is  a  member  of  the  principal  European  Scientific  and  Engineering 
Societies,  Officer  de  1' Instruction  Publique  de  France,  member  of  the 
military  order  of  the  Loyal  Legion,  member  of  the  American  Society 
of  Civil  Engineers,  and  honorary  member  of  the  Franklin  Institute. 
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So  eminently  successl'til  was  Dr.  Thurston's  career  that  in  1SS5 
he  was  invited  to  assume  the  directorsliip  of  the  Sibley  College  of 
Mechanical  Kngintering,  then  proposed  to  be  organized  at  Cornell 
University,  which  position  was  created  for  him.  The  evolution  of 
the  college  had  been  rai)id,  its  student-body  having  increased  over  a 
thousand  per  cent,  in  ten  years.  I'nder  the  Doctor's  masterful  direc- 
torship it  stands  to-day  one  of  the  first  schools  of  mechanical  engi- 
neering in  the  country.  In  1S90  and  in  1895,  at  the  expiration  of 
five  and  of  ten  years  of  services,  resi)ectively,  he  surrendered  his 
plenipotentiary  power  to  the  trustees  of  the  University;  but  it  was 
not  accepted,  and  he  was  retpiested  to  remain  and  to  continue  to  ex- 
ercise the  powers  originally  conferred  upon  him. 

Outside  his  college  work  Dr.  Thurston  always  had  a  professional 
practice,  and  has  continued  to  publish  books,  reports,  and  technical 
pai)ers,  bringing  up  the  number  of  his  writings  to  above  two  hundred 
and  fifty.  Among  his  best  known  works  are  :  A  History  of  the  Steam 
Engine,  A  Manual  of  tin-  Steam  Eni^ine,  .\faierials  of  Engineering, 
etc..  etc. 

In  the  summer  of  1S.S9  he  was  called  to  act  upon  the  Inter- 
national Jury  held  in  Paris,  and  was  made  by  the  French  government 
'•  Officer  de  I'lnstiuction  Publiciue,"  receiving  also  a  double  nomina- 
tion by  the  Jury  and  by  the  U.  S.  Commission  as  Officer  of  the  Legion 
of  Honor.  He  was  also  on  the  International  Jury  at  Cliicago  in 
1S93,  and  was  assigned  to  special  duty  in  direct  connt*  tinn  with  the 
office  of  the  committee  on  awards. 

Dr.  Thurston's  large  experience  of  the  world,  keen  insight  into 
human  nature,  gracious  manner,  and  great  kindne.ss  of  heart  ad- 
mirably fit  him  for  the  |)Osition  he  holds.  He  has  ever  a  kind  word 
for  the  students  in  difficulties,  and  a  warm  hand-clasp  for  those  he 
meets  in  after  years,  which  has  won  for  him  the  deep  and  lasting  esteem 
of  the  thousand  of  students  who  have  had  the  privilege  of  being  guided 
by  and  knowing  a  man  of  his  unusual  attainments. 


STEEL  CASTINGS  AND  MALLEABLE  IRON. 

By  C.  H.  Benjainiit,  Professor  of  Mechanical  Engineering^  Case  School  of  Applied 
Science,  Cleveland,  Ohio. 

I  HAVE  noticed  of  late  some  discussion  in  the  technical  journals 
with  regard  to  the  peculiarities  and  relative  merits  of  so-called 

steel  castings  and  malleable  or  annealed  castings. 

I  have  from  time  to  time  had  occasion  to  conduct  numerous  tests 
on  the  metals  included  under  the  above  heads,  and  think  that  some 
of  the  results  may  be  of  sufficient  interest  for  publication. 

Steel  castings  are  used  quite  generally  by  machinery  manu- 
facturers, instead  of  wrought  iron  or  bronze,  in  places  where  cast  iron 
is  inadmissible,  but  I  think  they  are  used  without  any  definite  idea 
of  their  strength  or  fitness. 

I  also  suspect  that  steel  castings  are  often  malleable  castings 
under  another  name,  and  are  neither  better  nor  worse  than  the  latter. 

To  procure  material  for  tests  patterns  suitable  for  test,  pieces  were 
made  and  sent  to  the  different  manufacturers,  who  advertise  to  make 
small  steel  castings  for  the  trade. 

Six  tension  pieces  and  six  compression  pieces  were  thus  obtained 
of  each  of  four  firms,  one  doing  business  in  Massachusetts,  one  in 
New  York,  and  two  in  Pennsylvania.  The  castings  were  obtained 
through  outside  parties  and  nothing  was  said  about  testing  them,  as 
the  idea  was  to  get  fair  samples  of  castings  supplied  to  the  trade. 

I  will  denote  the  different  series  as  A,  B,  C,  and  D,  without 
giving  the  names  of  the  makers.  The  tension  pieces  in  each  series 
were  of  standard  shape,  eight  inches  between  marks,  and  about  3^x1.2 
inches  in  cross-section. 

The  compression  pieces  were  cylindrical,  two  inches  long  and 
about  three-fourths  of  an  inch  in  diameter. 

In  general  these  specimens  maybe  considered  as  representing  the 
character  of  the  steel  in  small  castings  made  by  the  different  firms 
represented. 

Three  tension  and  three  compression  pieces  in  each  series  were 
tested  in  a  rough  condition,  just  as  they  came  from  the  foundry  or 
the  annealing  furnace,  while  the  other  three  of  each  kind  were  finished 
by  removing  the  scale  to  about  the  same  depth  as  in  ordinary  machine 
finishing.     The   extensometer  used   in  making   the  tests  was  one  ia- 
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vented  by  the  writer,  and  ilhislratcd  in  tlie  January  issue  of  this  maga- 
zine, and  the  tests  were  all  made  on  a  Riehlc  machine.  Table  I  gives 
a  summary  ot'  the  experiments  as  tar  as  completed. 

The  three  sets.  A.  H.  anil  D,  were  probably  made  of  a  steel 
comixiratively  high  in  carbon  and  were  then  softened  by  some  sort  of 
an  annealing  process,  as  is  the  case  with  malleable  castings.  This  is 
cvidenceil  by  the  comparatively  sharp  corners  on  these  castings,  show- 
ing a  high  temperature  in  pouring,  and  by  a  thin  skin  of  softer  metal 
on  the  outside.  This  latter  peculiarity  is  plainly  shown  in  the  frac- 
tures of  the  tension  pieces. 

The  castings  in  series  C  showed  none  of  these  characteristics,  and 
were  probably  a  low  grade  steel  not  subjected  to  any  annealing.  They 
were  harder  and  stronger  than  the  others,  less  uniform  in  character, 
and  did  not  possess  much  ductility. 

The  rounded  corners  showed  that  the  steel  was  hardly  thin  enough 
to  rim  in  such  thin  castings.  (Jne  manufacturer,  to  whom  application 
was  made,  failed  entirely  from  a  similar  cause. 

The  figures  in  the  table  represent  in  each  case  the  average  results 
from  two  or  three  experiments. 

The  elastic  limit  was  determined  by  taking  numerous  readings 
from  the  extensometer,  plotting  the  usual  elastic  curves,  and  thus  loca- 
ting by  inspection  the  points  where  a  change  occurred  in  the  rate  of 
extension  or  compression. 

The  modulus  of  elasticity  was  calculated  from  the  stress  and 
distortion  at  the  elastic  limit. 

In  series  .\  antl  B  the  elastic  limit  is  about  one-half  the  ultimate 
strength.  In  series  C  and  I)  there  is  such  a  lack  of  uniformity  in  the 
elasticity  as  forbids  any  attempt  at  averaging,  and  this  fact  alone 
should  condemn  them  for  use  in  machinery. 

The  i)ercentage  of  elongation  is  seen  to  be  very  small,  the  mate- 
rial in  this  respect  resenibling  cast  iron  rather  than  steel.  The  con- 
traction of  area  was  too  slight  to  be  measured. 

One  interesting  phenomenon  was  noticed  during  the  elongation. 
A  strip  of  metal  along  the  centre  line  of  the  test  piece  seemed  to  have 
iK'cn  less  affected  by  the  annealing  than  the  jiarallel  edges,  and  to  be 
less  ductile,  so  that  minute  cracks  would  be  seen  extending  across  this 
strip  at  intervals,  some  time  before  the  fracture  of  the  specimen  as  a 
whole. 

The  failure  of  the  compression  si)ecinicns  was  in  every  case  by 
trending  out  of  the  vertical  in  a  curve  of  double  llexure,  and  finally 
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tipping  over,  so  that  no  values  of  maximum  strength  could  be  obtained. 
The  pressure  in  some  instances  was  carried  as  high  as  135,000  pounds 
per  square  inch. 

The  values  of  the  elastic  limit  were  determined  in  the  same 
manner  as  with  the  tension  pieces,  and  the  curves  plotted  are  some- 
what similar,  save  that  the  elastic  is  very  low  as  compared  with  the 
ultimate  strength  of  the  metal.  The  pieces  showed  no  signs  of  fracture 
during  the  tests. 
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Series  C  and  D  were  not  tested  for  compression. 

One  object  of  these  experiments  was  to  determine  the  effect  of 
removing  the  scale  on  the  strength  of  the  metal,  but  I  must  confess 
that  the  results  were  rather  disappointing,  as  far  as  arriving  at  any 
exact  conclusion  is  concerned. 

By  reference  to  the  table  it  will  be  seen  that  the  specimens  in 
series  A  were  not  materially  affected  in  strength  by  finishing,  that 
those  in  series  B  and  D  became  weaker  and  less  ductile  by  removing 
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the  outside  skin,  showiiiL:  that  the  best  metal  was  on  the  outside,  and, 
finally,  that  the  sj^ecimens  in  series  C  became  apparently  stronger  by 
finishing. 

I  am  inclined,  however,  to  attribute  this  latter  result  to  a  lack  of 
uniformity  in  the  metal,  as  the  specimens  in  series  C  were  very 
deficient  in  this  resjject. 

A  series  of  experiments  were  made  to  determine  the  shearing 
strength  of  the  metal  in  series  .\  and  15.  the  average  results  being 
xs  follows : 

Series  .X.  ultimate  shearing  strength,  56.700. 
Series  15.  ultimate  shearing  strength,  42,900. 

The  conclusions  to  be  drawn  from  these  few  experiments  may 
be  summed  up  as  follows : 

I.  That  ordinary  small  steel  castings,  such  as  may  be  purchased 
in  the  market,  have  an  ultimate  tensile  strength  varying  from 
33.000  to  44,000  ])0unds  per  square  inch,  or  an  average  of  about 
37.500  jjounds. 

2."  That  the  elastic  limit  may  be  safely  taken  at  fifty  per  cent,  of 
the  ultimate  tensile  strength. 

3.  That  the  value  of  the  modulus  of  elasticity  varies  from 
20,000,000  to  35,000.000,  with  an  average  value  of  28,500,000. 

4.  That  the  elastic  limit  of  compression  varies  from  25,000  to 
35,000  pounds  per  square  inch,  with  an  average  value  of  30,000 
pounds. 

5.  That  the  effect  of  removing  the  scale  on  the  strength  of  a 
steel  casting  depends  entirely  on  the  nature  of  the  treatment  to 
which  the  metal  has  been  exposed  in  casting  and  in  annealing. 

Mali  kai;lk  Castings. 

The  results  which  I  have  obtained  from  ordinary  malleable  cast- 
ings are  so  nearly  the  same  as  to  need  no  special  comment,  and 
the  appearance  of  the  fractures  is  much  the  same.  1  have  sum- 
marized the  results  of  a  number  of  tests  as  follows: 

Tensile  STREN(;rii  01    Mali.f.ahlk  Ikon. 

Ultimate  (average  of  12  tests; 38,270  pounds. 

"         (average  of  10  tests), 36,160        " 

Elongation  (average  of  I  2  tests) 0.97  ])er  cent. 

"  (average  of  10  tests), 1.2     percent. 


The  Mobility  of  Molecules  of  Cast  Iron.  149 

Shearing  Strenijth. 

Ultimate  (average  of  7  tests),      42,560  pounds. 

"        (average  of  5  tests),      43,100       " 

These  experiments  were  made  at  different  times  on  two  different 
sets  of  samples. 


THE  MOBILITY  OF  MOLECULES  OF  CAST  IRON/== 

By  Alex.  E.    Ottterbridge,  Jr. 

IT  has  been  generally  accepted  as  a  fact  that  cast  iron  under  the  in- 
fluence of  repeated  shocks  becomes  brittle,  and  will  finally  break 

under  a  blow  which  otherwise  it  would  have  withstood. 

It  will  probably  surprise  metallurgists,  therefore,  to  learn  that 
experiment  disproves  the  supposed  fact  and  establishes  exactly  the  op- 
posite condition. 

The  result  of  about  a  thousand  tests  of  bars  of  cast  iron  of  all 
grades,  from  the  softest  foundry  mixtures  to  the  strongest  car-wheel 
metal,  enables  me  to  state  with  confidence  that  within  limits  cast  iron 
is  materially  strengthened  by  subjection  to  shocks  or  repeated  blows. 

It  is  very  well  known  that  the  usual  process  of  annealing  castings 
— such,  for  example,  as  car-wheels — increases  their  strength  by  re- 
leasing cooling  strains. 

It  is  not  well  known,  if  known  at  all — prior  to  this  announce- 
ment— that  the  molecules  of  cast  iron  are  capable  of  movement  (for 
they  do  not  touch  each  other  f)  without  the  necessity  of  heating  the 
castings,  and  they  can  thus  re-arrange  themselves  in  comfortable  re- 
lation to  their  neighbors,  and  relieve  the  over-crowding  near  the 
surface  of  the  casting,  or,  in  more  technical  words,  a  molecular  an- 
nealing may  be  accomplished  at  ordinary  temperatures  which  will 

*  Read  at  the  Pittsburg  meeting  of  the  American  Institute  of  Mining  Engi- 
neers, February  20th,  1896. 

t  In  order  to  comprehend  the  modern  ideas  of  the  nature  of  matter,  we  should 
try  to  realize  that  the  molecules  composing  even  the  most  dense  solid  substances 
with  which  we  are  familiar — such  as  gold,  platinum,  etc. — are  not  in  contact  and  are 
free  to  move  within  certain  well-defined  limits.  Lecture  on  "  Matter,"  Journ. 
Franklin  Inst.,  September,  1885,  v.  90,  p.  184. 
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release  the  strains  in  tlie  castings,  jjreciscly  as  does  annealing  by  slow 
cooling  in  heated  pits  or  ovens.  Such  a  surprising  statement  should 
not  be  made  without  sufficient  data  to  establish  its  correctness  beyond 
cavil,  since  it  is  contrary  to  former  belief,  certain  10  be  questioned 
and  properly  so. 

Hetore  proceeding  to  give  a  record  of  the  experiments  which 
have  been  made,  and  which  can  be  readily  repeateil  by  any  one,  a 
brief  history  of  the  origin  of  the  first  observation  leading  thereto  may 
be  interesting. 

I  noticed  in  the  year  1S83  (being  at  that  time  engaged  in  metal- 
lurgical work  at  a  large  car-wheel  establishment),  that  chilled  cast 
iron  car-wheels  rarely  cracked  in  ordinary  service  after  having  been 
used  for  any  considerable  time  ;  if  wheels  did  not  crack  when  com- 
paratively new  they  usually  lasted  until  worn  out  or  condemned  for 
other  causes.  No  application  was  made  of  this  observation  at  that 
time  further  than  to  institute  a  careful  investigation  of  the  condition 
of  the  annealing  ovens  when  some  new  wheels  were  returned  cracked, 
under,  the  supposition  that  the  wheels  were  not  well  annealed,  and  an 
e(iually  careful  revision  of  the  iron  mixture  to  ascertain  whether  the 
fault  lay  therein. 

In  1894  a  large  number  of  "transverse  test  bars"  (i  inch 
s<piare,  15  inches  long)  accumulated  in  the  foundry  of  AVm.  Sellers  «S: 
Co.,  Incorporated,  and  to  expedite  the  cleaning  of  sand  from  their 
surfaces,  they  were  all  thrown  into  an  ordinary  "tumbling  barrel," 
with  other  castings,  and  knocked  about  for  several  hours.  When 
these  test  bars  were  broken  upon  the  transverse  testing  machine  and 
the  records  tabtilated,  I  noticed,  with  surprise,  that  the  average 
strength  of  the  entire  series  was  considerably  higher  than  was  usual 
with  similar  iron  mixtures. 

This  difference  was  fortunately  sufficiently  marked  to  cause  a 
careful  inrpiiry,  first  into  the  condition  of  the  testing  machine,  then 
as  to  the  chemical  composition  of  the  metal  in  the  bars;  the  machine 
was  found  in  good  order,  liie  metal  was  normal.  A  card-i)attern  was 
then  made  upon  which  twelve  test  bars  could  be  molded  side  by  side 
in  one  fl.isk  and  pf)ured  from  one  runner. 

.Six  of  these  bars  were  ])laced  in  the  tumbling  barrel  and  the 
other  six  were  cleaned  of  adhering  sand  with  an  ordinary  wire  brush  ; 
ihc  twelve  bars  were  l>rokcn  upon   the  machine.     Ai.L  or  the  isars 

WHICH     HAD    BEEN     SIUJECTED    tOR     AI'.OUT     FOUR     HOl'R.S    TO    INCES- 
SANT   BLOWS    IN    THE    TUMBLING    BARREL    WERE   STRONGER   THAN    THE 
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COMPANION  BARS,  the   actual  gain  varying  from  lo  to  15  per  cent.  ; 
this  metal  was  soft  foundry  iron. 

These  tests  were  repeated  on  several  consecutive  days,  with  simi- 
lar results,  while  various  theories  were  being  suggested  and  clews 
"  run  out  "  to  detect  the  hidden  cause  of  this  strange  fact. 

One  plausible  explanation  offered  was  that  the  rubbing  of  the 
bars  together  in  the  tumbling  barrel  slightly  rounded  the  corners, 
and  thus  prevented  a  starting  point  for  a  "  check  "  or  break  of  the 
bar  under  the  strain  in  the  testing  machine. 

This  theory  was  soon  overthrown  by  tests.  The  corners  of  six 
bars  were  rounded  by  filing,  the  companion  bars  were  not  filed,  all 
of  the  bars  were  cleaned  with  a  wire  brush  and  broken  upon  the 
transverse  testing  machine;  there  was  no  apparent  gain  in  strength  in 
the  bars  with  rounded  edges. 

Round  test  bars  {lyi  inches  diameter,  15  inches  long,)  were 
then  poured  from  one  ladle  of  iron ;  some  of  these  were  cleaned  in 
the  tumbling  barrel,  and  all  that  were  so  treated  proved  to  be  much 
stronger  than  the  companion  bars,  which  were  merely  cleaned  with 
a  wire  brush. 

This  process  of  eliminating  false  theories  was  continued,  until 
finally  a  new  explanation  occurred  to  me,  and  simultaneously  a  con- 
vincing test  of  its  accuracy  suggested  itself. 

The  explanation  is  indicated  in  the  title  of  this  paper,  viz.,. 
"The  Mobility  of  Molecules  of  Cast  Iron"  at  ordinary  tempera- 
ture when  subjected  to  repeated  shocks. 

The  crucial  test  referred  to  was  in  subjecting  six  bars  to  3,000 
taps  each  with  a  hand  hammer  upon  one  end  only  of  each  bar.  All 
of  these  bars  so  treated  showed  a  gain  in  strength  equivalent  to  the 
gain  exhibited  by  bars  which  had  been  subjected  to  blows  over  the 
entire  surface  for  several  hours  in  the  tumbling  barrel. 

Here  was  a  new  revelation  of  scientific  interest  to  the  metal- 
lurgist, and  suggesting  to  the  founder  the  possibility  of  annealing 
castings  at  ordinary  temperature  by  availing  himself  of  this  molecular 
mobility,  it  also  proves  that  he  has  for  many  years  been  unconsciously 
accomplishing  this  beneficial  result — at  least  partially  and  irregularly — 
by  tumbling  small  castings  in  a  revolving  barrel  merely  for  the  pur- 
pose of  conveniently  cleaning  them  from  adhering  sand. 

Another  interesting  fact  is  incidentally  brought  out  in  this  investi- 
gation, viz.,  that  the  strain  caused  by  cooling  and  consequent  weak- 
ening exists  even  in  the  smallest  castings,  where  we  would  naturally 
II 
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cxi)ect  that  the  cooling  wHuild  be  practically  uniform  throughout  the 
section;  also,  that  even  in  bars  of  uniform  section,  such  as  i-inch 
test  bars,  the  weakening  l)y  cooling  strains  sometimes  amounts  to  more 
than  10  per  cent,  of  the  ultimate  stress.  Repeated  tests  show  that 
»4-inch  bars,  in  which  the  fracture  is  comparatively  uniform  to  the 
eye  throughout  the  section,  are  subject  to  the  same  law. 

Other  tests  show  that  the  comj^arative  difference  in  transverse 
strength  between  bars  which  have  been  hammered  on  their  ends,  or 
otherwise  subjected  t«)  the  process  of  molecular  annealing  by  vibra- 
tion when  cold,  and  companion  bars  cast  in  the  same  flask  not  so 
improved,  dejxMids,  to  a  certain  extent,  upon  the  number  and  force 
of  the  blows,  and  to  a  still  greater  degree  upon  the  grade  of  cast  iron 
lesteil.      I'ore.xample: 

1.  Greater  relative  difference  is  found  in  hard  mixtures  (or  strong 
iron)  than  in  soft  mixtures  or  weak  iron. 

2.  (ireater  relative  difference  is  found  in  i-incli  bars  than  in 
»4-inch  bars,  and  somewhat  greater  difference  in  2-inch  bars  than  in 
I -inch  bars. 

Impact  Tests. 

The  foregomg  achievements  having  been  repeated  sufficiently 
often  to  satisfy  me  of  their  absolute  reliability  (and  really  remarka- 
ble uniformity),  a  new  series  of  tests  was  commenced  for  the  purpose 
of  ascertaining  how  many  blows  were  recpiired  and  approximately 
what  force  was  needed  to  accomplish  the  desired  object  of  relieving 
cooling  strains.  A  new  machine  was  constructed  for  this  purpose, 
and  light  was  soon  thrown  ui)on  these  questions,  while  still  other  im- 
portant questions  were  suggested  and  answered  by  the  use  of  the  same 
machine. 

The  impact  machine  at  first  used  was  an  old  one,  and  consisted 
of  a  weight  fastened  to  an  arm  swinging  in  a  graduated  arc.  The 
friction  of  the  pivot  and  the  crude  construction  of  the  machine  pre- 
cluded certain  or  even  ajiproximately  sure  results  as  to  the  force  of 
the  blow  delivered. 

The  new  machine  consisted  of  a  frame  or  yoke  marked  in  inches 
and  a  wedge-shaped  weight  adai)ted  to  the  size  of  the  bars  to 
l)e  tested,  which  was  raised  jjerpendicularly  to  any  desired  number  of 
inches,  and  when  relexsed  fell  by  gravity  in  free  space,  striking  the 
bars  in  the  centre  between  the  supports,  which  were  12  inches  apart. 
A  1 4-pound  weight  was  adopted  for  testing  i-inch  bars. 
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Impact  testing  machines  have  long  been  used,  and  car-wheels 
are  accepted  or  condemned  upon  tests  made  upon  such  machines. 
It  has  always  been  maintained  that  each  blow  of  the  "drop"  weak- 
ened the  casting,  and  the  final  blow  was  only  a  record  of  the  residual 
cohesion  remaining  in  the  metal  after  previous  blows  had  proportion- 
ately weakened  it. 

In  the  case  of  a  thoroughly  annealed  car-wheel  this  reasoning 
may  be  sufficiently  correct,  but  as  applied  to  impact  testing  machines 
used  for  testing  unannealed  bars  the  argument  is  absolutely  falla- 
cious. The  impact  testing  machine  is  itself  a  means  of  molecularly 
annealing  test  bars,  as  I  will  now  proceed  to  demonstrate. 

Impact  Experiments. 

Six  of  the  I -inch  square  test  bars,  cleaned  with  the  wire  brush, 
were  broken  upon  the  impact  machine  by  dropping  the  weight  from 
a  sufficient  height  to  break  each  bar  at  the  first  blow.  The  six  com- 
panion bars,  also  cleaned  with  the  brush,  were  then,  in  turn,  subjected 
to  blows  numbering  from  10  to  50  each  of  the  same  drop  weight, 
falling  one-half  the  former  distance,  these  blows  being  insufficient  to 
break  the  bars.  The  weight  was  then  permitted  to  fall  upon  each  of 
these  bars,  in  turn,  from  the  height  at  which  the  six  bars  previously 
tested  were  broken  on  first  blow.  Not  one  bar  broke.  Two,  three, 
six,  ten,  and  in  one  case  fifteen,  blows  of  the  same  drop,  from  the 
same  extreme  height,  were  required  to  break  these  bars.  In  another 
similar  case  the  weight  was  dropped  once  from  the  former  maximum 
height,  then  raised  by  inches  until  four  more  blows,  each  being  i 
inch  higher  than  the  last,  were  delivered  before  breaking  the  piece. 
Subsequent  tests  gave  still  greater  gains  in  strength. 

The  next  experiment  with  the  impact  machine  was  designed  to 
test  molecularly  annealed  bars  from  the  tumbling  barrel,  in  compari- 
son with  untreated  companion  bars,  under  one  heavy  blow.  It  was 
found  that  a  blow  of  sufficient  force  to  break  the  unannealed  bars 
with  one  fall  of  the  weight  must  be  repeated  from  five  to  twenty 
times  (depending  mainly  upon  the  nature  of  the  iron  mixture)  to 
break  the  molecularly  annealed  companion  bars. 

By  careful  experiment,  in  the  manner  previously  noted,  the  ulti- 
mate strength  of  the  bars  which  had  not  been  through  the  tumbling 
barrel  could  be  increased  by  successive  slight  blows  upon  the  impact 
machine  to  an  equality  with  their  companions. 

The  experiments  here  related  in  a  running  conversational  narra- 
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tivc  form  a  part  of  the  daily  records  of  the  nietalhirgical  work  at 
the  foundry  of  William  Sellers  ^:  Co.,  Incorporated,  Philadelphia, 
and  the  aggregate  number  tabulated  is  very  large,  indeed.  .Vll  of  the 
tests  corroborate  to  the  fullest  degree  the  statements  made,  and  ihey 
are  susceptible  of  repetition  and  confirmation  by  any  one  interested 

Tabi.f.  I. — Strength  .niul  elasticity  of  test  bars  (.\)  of  various  kinds  of  cast 
iron,  unannealed,  and  cleaned  only  with  a  wire  brusli,  and  (15)  similar  bars,  molecu- 
larly  annealed  by  repeated  shocks  in  a  tuinbliiig  barrel  or  by  tapping  with  a  light 
hammer. 
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in  work  of  this  character.     'Ihcy    form  part  of  a  long  series  of  in- 
vestigations ("extending  over  a  period  of  15  years)  upon  "the  rela 
tions  between  the  physical  nature  and  chemical  composition  of  cast 
iron."     They  have  served  to  throw  some  light  ujion  hitherto  obscure 
phenomena  in  the  design,   construction,  etc.,  of  castings,  and  as  it 
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is  believed  that  they  contain  the  germ  of  a  new  scientific  discovery 
valuable  in  its  principle  to  all  workers  in  these  fields,  these  brief  notes 
are  presented  to  the  Institute  of  Mining  Engineers  in  response  to  the 
invitation  of  its  Secretary,  and  through  the  courtesy  of  the  firm  of 
William  Sellers  &  Co.,  for  whose  benefit  and  at  whose  cost  they  were 
primarily  made. 

In  conclusion,  it  should  perhaps  be  stated,  to  avoid  the  possi- 
bility of  misunderstanding,  that  molecular  annealing  of  cold  cast 
iron  by  successive  slight  shocks  differs  from  annealing  by  heat,  in  that 
it  has  no  power  to  change  the  condition  of  carbon  in  the  casting  or 
to  alter  the  chemical  constitution  in  any  way ;  all  that  is  claimed  is 
that  every  iron  casting  when  first  made  is  under  a  condition  of  strain, 
due  to  difference  in  the  rate  of  cooling  of  the  metal  near  the  surface, 
and  that  nearer  the  centre,  and  also  to  difference  of  section  ;  that  it 
is  possible,  and  practicable,  to  relieve  these  strains  by  tapping  re- 
peatedly the  casting,  thus  permitting  the  individual  metallic  particles 
to  re-arrange  themselves,  and  assume  a  new  condition  of  molecular 
equilibrium. 

The  large  number  of  tests  made  and  the  remarkable  uniformity 
of  results  obtained  permits  me  to  make  these  statements  with  full  con- 
fidence that  their  repetition,  even  under  less  favorable  conditions  for 
accurate  observation  than  I  have  enjoyed,  will  serve  to  convince 
others  of  their  correctness,  and  perhaps  to  establish  a  new  law  of 
physics  of  cast  iron. 

A  few  practical  deductions  of  universal  application  maybe  drawn 
from  these  observations : 

I.  Castings,  such  as  hammer  frames,  housings  for  rolls,  cast  iron 
mortars  or  guns,  which  are  to  be  subjected  to  severe  blows  or  strains  in 
actual  use,  should  never  be  suddenly  tested  to  anything  approaching 
the  severity  of  intended  service. 

Quantitative  tests  made  upon  the  impact  machine  prove  that  the 
molecules  of  cast  iron  rearrange  themselves  under  reasonably  few 
shocks,  so  that  it  is  perfectly  practicable  to  molecularly  anneal  such 
castings  when  cold.  Pulleys,  and  indeed  all  castings,  are  subjected  in 
every-day  service  to  this  process  of  molecular  annealing,  and  old 
castings  are,  therefore,  more  reliable  than  new  ones,  unless  misused. 

It  is  not  impossible  that  the  same  law  applies  to  steel  castings, 
and,  perhaps,  to  all  metal  castings,  and  in  testing  new  guns  each  pre- 
liminary small  charge  of  explosive  material,  subjecting  the  castings  to 
comparatively  moderate  shocks,  enables  the  gun  to  relieve  itself  of 


156 


Digest  of  PJiysicdl  Tests. 


internal  strains,  and  eventually  to  withstand  with  safety  shocks  which 
would  hav^  destroyed  it  without  this  precautiona'-y  measure.  I'his, 
however,  is  mere  theory  and  must  not  carry  the  weight  of  the  argu- 
ments regarding  cast  iron,  which  are  clinched  by  a  thousand  actual 
tests. 

2,  Strong  iron  castings,  and  castings  of  irregular  section  iiave 
greater  initial  strains  than  soft  iron  castings,  or  castings  of  com- 
paratively uniform  section,  and  it  is,  therefore,  more  important  to 
subject  such  castings  to  gradually  increasing  shocks,  until  the  strains 
are  relieved  by  the  movement  and  rearrangement  of  the  molecules. 


Taisif.  II.— Results  of  tests  with  Impact  Testing  Machine  of  cast-iron  bars. 
(Bars  marked  \  cleaned  with  a  wire  brush.  Bars  marked  B  "  molecularly  annealed.") 
(Weight  of  drop,  14  pounds)  ; 
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4     "        "  14  "  "  "  " 

,     "        <«  15  "  "  "  " 

"  15  "  "  "  " 

\     "        "  15  "  "  "  " 

X  ..  ..  ,5  ..        ..        ..  .. 

2  "  "  15  "         "         "  " 

7  "  "  «5  '  " 

.>  "  "  i.>  " 

4  "  "  15  " 

2  "       "   13       " 

10     "        "   I J       "  5   of  15   inches,   5  of  i 

inches,  3  of  18  inches,  broke  the  bar, 
I  drop  of  14  inches  broke  the  t)ar,  .    .    . 
20  drops  of  13  inches  and  3  of  14  inches,  brok 
the  l)ar, 

3  dinj,^  of  13  inches  iirokc  the  bar,  .    .    . 
15     "        ■■    14      "         "         "       "     .    .    . 

5  "       "    12 

50  drops  of  12  inches,  and    in   drojjs   of    15 

failed  to  break  the  l)ar. 


Fracture. 
Open  Grain 


Cln- 


Opcn 


Note. — Tlie  la>i   b.ir,   after   wilhstandin;;   these   blows,  was  broken  u|>on  the 
trnnsvcrse  testing  machine  at  a  strain  of  2,975  |iounds. 
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The  tables  appended  hereto  show  the  results  of  tests  for  trans- 
verse strength  of  test  bars  of  different  sections  and  widely  different 
grades  of  iron  which  have  been  subjected  to  this  process  of  molecular 
annealing,  and  also  tests  made  upon  the  impact  machine  with  test  bars 
cast  in  the  same  molds. 

Desiring  to  avoid  unnecessary  duplication  of  figures,  a  few  in- 
dividual tests  only  are  here  tabulated ;  but  they  represent  the  average 
of  probably  a  thousand  records. 

The  largest  comparative  gain,  shown  in  the  first  table,  in  trans- 
verse strength,  of  companion  bars  of  i-inch  section,  is  525  pounds 
(see  last  line),  or  very  nearly  nineteen  per  cent. 

It  is  evident,  even  without  plotting  all  the  tests,  that  they  would 
show  a  gradually  ascending  curve  having  direct  relation,  first,  to  the 
character  of  the  alloy  of  iron  ;  second,  to  the  number  of  blows  given, 
up  to  the  point  where  strain  is  relieved,  beyond  which  an  increased 
number  of  blows  does  not  increase  the  strength  of  the  bar.  Further- 
more, it  may  be  noted  that  the  tests  with  the  impact  machine  prove 
the  existence  of  a  similar  law  in  relation  to  the  ability  to  resist  sudden 
and  severe  shocks. 

Similar  observations  apply  to  the  tests  recorded  of  ^2 -inch  and 
2-inch  bars.     All  of  the   2-inch  bars  were  broken  upon  the  testing 

Table  III. — Results  of  test  of  2-inch  cast-iron  bars  upon  A.  Whitney  & 
Son's  Testing  Machine.  (Bars  marked  A  cleaned  with  a  wire  brush.  Bars  marked 
B  molecularly  annealed)  :  Breaking  Grade  of 

strain  lbs.  Iron 

A, 20,400         Close  grain 

B, .    .        21,600  "         " 

A 13,600         Open      " 

B 15,800  "         " 

A, 14,000  "         " 

B, 14,800  "         " 

machine  of  Messrs.  A.  Whitney  &  Sons  by  their  operator,  who  was  at 
first  ignorant  of  the  object  of  the  tests.  Subsequently  similar  tests 
were  made  by  that  firm  with  their  car-wheel  iron,  and  identical  results 
were  obtained  by  them. 

Other  experiments  have  suggested  themselves  in  the  course  of 
this  investigation,  and  my  paper,  therefore,  is  not  presented  as  an 
exhaustive,  but  as  a  tentative  treatment  of  this  interesting,  and,  I 
believe,  novel  line  of  research,  which  is  not  devoid  even  in  its  present 
stage  of  some  practical  application. 


\ 
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Willi  IX  the  last  few  years  the  determination  of  the  specific 
L;ra\  ity  of  hydraulic  cements  lias  passed  out  of  the  category 
of  methods  of  asi^ay  to  be  occasionally  used,  into  that  of 
modes  of  testing  habitually  employed  in  the  evaluation  of  this  class 
of  constructional  material.  In  thus  changing  its  status  this  test  had 
to  encounter  the  rivalry  of  one  already  well  established,  and  deemed 
preferable  by  many,  viz.,  the  determination  of  the  weight  per  bushel. 

One  great  factor  in  the  contest  between  the  two  methods  con- 
sisted in  the  increase  in  fineness  of  all  ordinary  cements,  arising  both 
from  the  growing  stringency  of  the  demands  of  foreign  markets  and 
from  the  more  exacting  refpiirements  of  engineers  in  this  country. 
This  factor  was  wholly  on  the  side  of  the  determination  of  specific 
gravity  instead  of  weight  per  bushel.  Consumers  were  quick  to  re- 
cognize that  a  finely  ground  cement  necessarily  weighed  less,  other 
things  being  equal,  than  one  which  was  coarsely  ground,  and,  more- 
over, that  it  was  not  easy  to  make  a  satisfactory  sliding  scale,  and 
form  a  standard  of  relation  between  fineness  and  weight  per  bushel. 
.\t  this  juncture,  appreciation  of  the  fact  that  the  specific  gravity  of  a 
cement  is  unaffected  by  the  degree  of  fineness,  led  to  a  general  aban- 
donment of  the  use  of  weight  per  bushel,  and  to  the  adoption  of  the 
determination  of  specific  gravity  in  its  place.  The  upshot  at  the  present 
time  is  that  the  si)ecific  gravity  of  a  cement  is  generally  conceded  to 
give  all  the  information  concerning  the  quality  of  a  cement  which 
was  afforded  by  the  former  method  of  testing,  and  in  addition  to 
give  certain  other  indications  of  its  own.  When  properly  carried 
out,  the  experimental  error  is  but  small,  and  the  results  ol)tained 
require  fewer  corrections  in  order  to  afford  a  consistent  meaning. 

Whether  the  causes  just  sketched  have  been  at  work  in  France  as 
well  as  here,  is  uncertain,  but  a  similar  effect  is  at  least  apparent.  In 
one  of  the  nionumental  volumes  recently  issued  by  the  Commission 
dcs  Methodes  d'Essai  des  Materiaux  de  Construction,  the  whole  sub- 
ject is  discu.ssed  with  much  lucidity.  It  appears  that  our  neigh- 
bors consider  themselves  behind  their  competitors  in  the  adoption 
158 
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of  the  specific  gravity  test,  and  are  anxious  to  bring  it  into  regular 
and  intelligent  use.  To  this  end  the  requisite  precautions  are  de- 
scribed, and  may  be  found  of  value  to  those  interested  in  cement. 

The  usual  method  of  taking  the  specific  gravity  of  cement  differs 
in  no  essential  respect  from  that  commonly  adopted  for  other  sub- 
stances ;  it  is  in  the  details  of  working  necessitated  by  the  nature  of 
the  material  that  special  care  is  required.  In  all  cases  a  known  weight 
of  cement  is  allowed  to  displace  a  measured  volume  of  some  liquid  ; 
but  the  variations  of  manipulation  designed  to  make  the  operation 
accurate,  simple,  and  rapid  are  numerous.  In  the  first  place,  it  is 
obvious  that  the  liquid  displaced  by  the  cement  cannot  well  be  water, 
inasmuch  as  hydration  of  the  cement  would  occur  during  the  process, 
and  a  consequent  alteration  of  its  volume  would  result.  The  use  of 
some  licpiid  free  from  water,  and  neither  very  volatile  nor  hygroscopic, 
must  therefore  be  adopted.  Those  mentioned  by  the  French  Com- 
mission are  ben/.ine — the  coal  tar  product  commonly  called  benzole — 
and  petroleum  spirit.  Both  are  somewhat  more  volatile  than  is  desir- 
able, and  siiirit  of  turpentine,  thoroughly  dried  by  standing  over 
quicklime,  is  probably  preferable  to  either.  Absolute  alcohol  is  much 
too  hygroscopic  for  convenient  use,  and  kerosene — ordinary  "  par- 
afifine-oil  "  for  domestic  lighting — is  apt  to  contain  light  fractions 
which  are  open  to  the  same  objection  as  that  urged  in  the  use  of  petro- 
leum spirit.  Whatever  liquid  be  ultimately  chosen,  it  must  be  mobile 
enough  to  allow  the  ready  escape  of  bubbles  of  air  imprisoned  in  the 
cement. 

With  regard  to  the  degree  of  accuracy  with  which  the  specific 
gravity  of  a  cement  must  be  determined  in  order  to  yield  useful  re- 
sults, it  may  be  said  that  very  rough  figures  will  suffice  to  relegate  a 
product,  of  which  the  origin  and  history  are  unknown,  into  its  proper 
class.  Thus  a  specific  gravity  of  about  3.15  at  once  stamps  the 
cement  possessing  it  as  a  true  Portland  cement.  In  like  manner, 
blast  furnace  slag  has  a  mean  specific  gravity  of  2.60,  and  admixture 
of  any  serious  proportion  with  a  true  Portland  cement  would  be  at 
once  indicated  by  the  low  specific  gravity  of  the  product. 

It  is  interesting  to  note  that,  as  stated  above,  the  application  of 
the  specific  gravity  test  is  neither  so  common  nor  so  well  understood 
in  France  as  it  is  here.  The  very  committee  appointed  to  report  on 
the  matter  regrets  that  the  determination  of  the  specific  gravity  can- 
not be  used  for  detecting  an  under-burnt  cement,  while  in  the  same 
sentence  quoting  figures  which  easily  suffice  for  that  purpose.     A  well- 
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hurni  cement  was  found  lo  have  a  specific  j,'ravity  of  3- 154,  and  one 
whirh  was  under-burnt  gave  tlie  figure  3.  i-cS.  Seeing  that  wiili  noth- 
ing more  than  ordinary  skill  and  care  the  siiecific  gravity  of  a  cement 
can  be  determined  with  accuracy  to  o  005.  and  that  the  difference 
here  noted  is  nearly  ten  times  as  great,  it  is  eviilcnt  that  the  conclu- 
sion of  the  committee  is  invalid.  As  a  matter  of  practical  fact,  the 
determination  of  the  specific  gravity  of  cement  is  used  freely  in  this 
country  to  distinguish  between  well  and  under-burnt  cements.  With 
obsolete  apparatus  and  clumsy  manipidation,  the  records  were  doubt- 
less inconveniently  close  ;  but  with  modern  apparatus  and 
trained  hands,  the  feat  is  of  the  simplest. 

.Attention  is  very  properly  directed  to  the  inlluence  of 
water  and  carbonic  acid  absorbed  by  the  cement  from  the 
air  upon  its  specific  gravity.  A  single  per  cent,  will  make 
a  sensible  difference,  and  judgment  of  the  exact  meaning 
of  the  sj^ecific  gravity  of  a  given  sample  is  much  aided  by 
having  record  to  this  effect.  The  change  produced  by 
aeration  is  in  the  direction  of  lightening  the  cement,  the 
reason  being  that  the  hydrated  ami  carbonated  compounds, 
formed  on  exjjosure  to  air,  are  of  lower  specific  gravity 
than  the  cement  fully  clinkered  and  free  from  all  moisture 
as  it  comes  from  the  kiln.  An  account  is  given  of  the 
commoner  forms  of  apparatus  used  for  the  determination 
of  specific  gravity  of  cement,  but  as  these  are  well  known, 
a  description  in  these  columns  would  be  superfluous. 

Two  forms  of  recent  design,  and  both  of  I'rench 
origin,  merit  special  notice.  The  first  is  one  due  to  M. 
Candlot,  and  is  shown  in  Fig.  r.  li  consists  of  a  flask,  C, 
into  the  neck  of  which  is  ground  the  glass  tube,  H,  bearing 

a  bulb,  A,  at  its  u|)per  end.     The  ai)])aratus  is  used  in  the 

ric.  I.        c  w      ■ 

following  way : 

Ken/ine,  or  other  appropriate  liquid,  is  poured  into  the  bulb,  A, 

se[)arated  altogether  with  the  tube  from  the  flask,  C,  in  such  (juantity 

that  on  re-connecting  the  ap|)aratus  and  bringing  it  into  its  normal 

position  the  flask,  C,  is  filled,  and  the  liquid  stands  at  or  about  zero 

on  the  graduated  tube.     The  height  of  column  is  read,  the  apparatus 

is  again  inverted,  and  the  benzine  allowed  to  flow  into  the  bulb,  ,'\,  so 

as  to  permit  of  the  removal  of  C  and   the  introduction  of  a  known 

weight  of  cement.      The  tube  and  flask  are  joined  once  more,  and  the 

whole  well  shaken,  to  expel  air-bubbles  from  the  cement  and  to  cau.se 


Pickings  from  the  Press. 


l6i 


it  to  displace  its  true  volume  of  liquid.  The  height  now  reached  by 
the  liquid  in  the  graduated  tube  is  the  measure  of  the  volume  of  a  known 
weight  of  cement. 

Before  the  second  reading  it  is,  of  course,  necessary  to  bring  the 
whole  apparatus  to  the  same  temperature  as  that  which  it  had  at  the 
time  of  the  first  reading.  Immersion  in  a  water-bath  allows  of  this 
adjustment.  The  process  thus  performed  is  less  operose  than  it  sounds, 
and  gives  fairly  exact  results.  Expulsion  of  air-bubbles  is  tolerably 
easy  when  dealing  with  Portland  cement,  which  is  not  unusually  finely 
ground,  but  with  hydraulic  limes  it  is  difficult. 

The  second  apparatus  is  one  designed  by 
M.  H.  Le  Chatelier,  and  is  altogether  better  than 
the  foregoing.  It  has  been  officially  adopted  by 
the  Commission.  As  shown  in  Fig.  2,  it  consists 
of  a  flask  of  a  capacity  of  about  120  cubic  centi- 
metres, and  having  a  neck  some  20  centimetres 
in  length,  half-way  up  which  is  a  bulb  having  a 
capacity  of  20  cubic  centimetres.  Above  the  bulb 
the  tube  is  graduated  for  a  length  corresponding 
with  a  capacity  of  3  cubic  centimetres,  the  divisions 
being  o.  i  cubic  centimetre.  The  diameter  of  the 
tube  is  about  9  mm. — say  one-third  inch.  The 
instrument  is  used  in  the  following  way: 

The  flask  is  filled  with  benzine  to  the  mark 
just  below  the  bulb,  and  64  grammes  of  the 
cement  to  be  tested  are  gradually  introduced 
through  the  funnel  shown  at  the  tube.  By  using 
a  funnel  reaching  nearly  to  the  upper  part  of  the 
bulb,  risk  of  the  cement  blocking  the  upper  nar- 
row graduated  tube  is  avoided.  As  the  level  of 
the  benzine  rises  to  the  lowest  point  of  the 
graduations  the  cement  is  introduced  cautiously,  little  by  little,  until 
the  first  graduation  is  reached.  The  volume  of  the  cement  in  the 
flask  is  then  20  cubic  centimetres,  and  its  weight  is  ascertained  by 
deducting  that,  or  the  portion  left,  from  the  original  quantity  of  64 
grammes.  Conversely,  the  whole  quantity  can  be  inserted,  and  the 
volume  over  and  above  20  cubic  centimetres  read  off  on  the  upper 
graduated  tube. 

The  figures  quoted  are  for  cement  such  as  true  Portland,  with  a 
specific  gravity  greater  than  3.0.     For  other  hydraulic  cements  of 
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lower  specific  gravity  smaller  weights  can  be  taken.  The  llusk  is  kept 
in  a  vessel  of  water  throughout  the  operation,  and  errors  due  to  fluc- 
tuations of  temperature  are  thus  avoided.  It  is  stated  that  air-bubbles 
are  completely  expelled  from  the  cement  as  it  Hows  down  the  long  tube 
below  the  bulb,  without  need  arising  for  shaking  the  apparatus. 

.\s  far  as  can  be  judged  without  actual  use,  the  little  instrument  is 
well  devised,  but  its  readings  would  be  scarcely  close  enough  for  exact 
work.  Thus,  each  division — o.  i  cubic  centimetre — on  the  graduated 
tube  corresponds  in  the  case  of  Portland  cement  with  a  difference  of 
specific  gravity  of  0.015,  a  possible  error  which  is  unduly  great.  It  is 
certainly  doubtful  whether  the  absence  of  air-bubbles  can  be  assured 
by  s|)ontaneous  passage  of  the  cement  down  the  column  of  liquid  in 
the  tube  below  the  bulb.  Cement  is  particularly  tenacious  of  its  en- 
closed air,  and  will  carry  such  air  down  through  a  long  column  of 
liquid  with  surprising  ease.  Nothing  but  diligent  tapping  and  shaking 
will  dislodge  bubbles  thus  enclosed,  and  eliminate  the  air  due  to  their 
volume  being  credited  to  the  cement. 

A|)art  from  these  details — which  are  matters  on  which  friendly 
criticisms  may  be  offered  without  imperiling  international  good-will — 
the  report  is  altogether  clear  and  excellent,  and  goes  to  prove  tliat  if 
there  has  been  any  delay  on  the  part  of  French  experts  to  adopt  a 
method  of  testing  which  is  now  generally  approved  in  this  country, 
that  delay  is  in  a  fair  way  to  be  forgotten  by  our  appreciation  of  the 
keenness  and  clarity  with  which  they  have  now  set  themselves  to  de- 
cide upon  and  introduce  a  trustworthy  standard  method  and  appa- 
ratus.—  The  Eng^ineer  (London). 


RECENT  BOILER-I'L.VTE  TESTS. 

Some  interesting  results  have  been  obtained  by  the  Paxton 
Rolling  Mills,  of  Harrisburg,  Pa.,  on  tests  of  boiler-plates  for  20 
Russian  locomotives  now  building  at  the  Baldwin  Locomotive  Works. 
The  steel  had  to  show  a  tensile  strength  of  35  to  42  kilos,  per  square 
millimetre  (about  50,000  to  60,000  pounds  i)er  scpiare  inch),  and  an 
elongation  in  S  inches  of  25  per  cent.,  both  longitudinal  and  trans- 
verse. With  the  exception  of  20  plates  fs  I'X  87  inches  wide,  the 
material  varied  from  ^^  to  34  inch  thick  by  74  inches  wide  and  under. 
Of  the  104  ]>lates  rolled,  three  failed  in  tensile  and  one  on  gauge.  In 
elongation  the  remaining  100  plates  averaged  27.46  percent,  in  the 
longitudinal  direction,  and   27.90  per  cent,   in   the   transverse — the 
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latter  result  not  generally  looked  for.  All  the  steel  slabs  were  fur- 
nished by  the  Pennsylvania  Steel  Company,  made  in  open  hearth 
basic  furnaces,  and  showed  an  average  analysis  as  follows:  Carbon, 
0.165;  phosphorus,  0.014  ]  manganese,  0.37,  and  sulphur,  0.27. — 
The  Iron  Trade  Review. 


TENSILE  TESTS  OF  CAST  STEEL. 

Below  is  published  a  table  showing  the  result  of  tensile  tests 
of  fifteen  specimens  of  cast  steel.  These  castings  were  made  by 
the  American  Steel  Casting  Company,  of  Thurlow,  Pa.,  for  use 
in  the  Buffington-Crozier  disappearing  carriages,  being  built  for  the 
Ordnance  Department  of  the  L'nited  States  Army.  The  results  would 
be  remarkable  for  the  best  forgings,  and  for  steel  castings  they  are 
considered  by  experts  as  really  extraordinary.  The  figures  published 
are  duplicates  of  those  which  appear  on  the  report  of  Captain  D.  A. 
Lyle,  Ordnance  Department,  United  States  Army  ;  and  Captain  Lyle, 
in  signing  the  report,  offers  his  congratulations.  The  results  here 
shown  cover  castings  produced  from  five  different  heats,  indicating 
remarkable  uniformity.  The  length  of  stem  of  the  test  piece  was  two 
inches,  and  in  each  case  the  fracture  is  noted  as  silky,  and  all  of  the 
specimens  were  accepted. 

Steel   Castings  made  by  the  American   Steel   Casting  Company,  for  the  Ordnance 
Department,  U.  S.  A. — Tensile  tests. 


Elastic  limit. 

Tensile  strength. 

Elongation  after 

Reduction  of 

Pounds  per  square 

Pounds  per  square 

rupture. 

area  after  rupture. 

inch. 

inch. 

Per  cent. 

Per  cent. 

30,000 

67,000 

28.8 

46.3 

32,000 

68,500 

29.0 

47.8 

30,500 

67,000 

30.6 

52.8 

30,500 

70,500 

28.8 

41.0 

33-500 

72,500 

27.2 

42.5 

30,500 

65,500 

29.8 

44-9 

30,000 

65,000 

30.5 

54.1 

32,000 

69,500 

27.0 

48.6 

29,000 

65,000 

26.0 

50.0 

30,000 

65,000 

30.2 

51  I 

30,000 

68,500 

28.3 

42.2 

30,000 

65,500 

26.0 

509 

33.500 

68,500 

34.3 

43-7 

29,500 

66,500 

29.2 

4S.0 

32,500 

69,000 

28.0 

41.9 

—  The  Railway  Review. 
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THK  llolDINC.    1'()\VI;R  OK  LAG-SCKKWS. 

Some  time  ago  I  made  a  few  experiments  on  the  holding  power 
of  lag-screws,  the  result  of  which  is  given  below.  The  lioles  were 
l.ored  by  a  common  carpenter's  bit  in  8-inch  square  logs,  and  the 
screws  put  in  same  as  would  be  in  common  practice,  and  they  were 
jMilled  out  by  the  use  of  an  Olsen  testing-machine: 


Diameter 
of 

Diameter 

Length  of  thread 
screwed 

Kind  of  wood. 

The  load   at  wliich 
screw 

screw. 

of  bit. 

into  the  wood. 

pulled  out. 

^in. 

H  in. 

3  ill. 

Spruce 

5,900  lbs. 

Ji  in. 

11-16  in. 

3  in. 

" 

5,900  lbs. 

%  in. 

^4^  in. 

3  in. 

i< 

6,000  lbs. 

H  in. 

V  in. 

5>n. 

« 

9,000  lbs. 

%»n. 

^in. 

5  in. 

Chestnut 

9,500  lbs. 

}*  in. 

>iin. 

4h'  >n. 

Spruce 

7,000  lbs. 

^4  in. 

H  in. 

4;,  in. 

Pitch  pine 

8,300  lbs. 

}i  in. 

'A  in. 

4  in. 

Spruce 

6,000  lbs. 

>2  in. 

H  in. 

3*2  in. 

" 

3,500  lbs. 

H  in- 

5-16  in. 

2  m. 

(1 

1 ,900  lbs. 

Xin. 

3  16  in. 

I  in. 

« 

700  lbs. 

The  experiment  seems  to  indicate  that  there  is  no  advantage  in 
using  too  small  a  bit  when  boring  holes  for  lag-screws.  For  instance, 
the  Jb  screw  required  fully  as  much  force  to  pull  out  l"rom  a  3/4  hole 
as  it  would  take  to  pull  out  of  a  5  8  hole,  although  it  is  a  great 
deal  easier  to  put  the  screw  in  after  a  ?4  bit  than  it  is  after  a  5^  bit, 
and  it  is  certainly  work  spent  in  the  wrong  direction  to  use  a  bit 
smaller  than  the  core  of  the  screw. 

liy  splitting  the  block  and  examining  the  wood  around  the 
screws  it  will  be  found  that  when  too  small  bits  are  used  the  fibres 
in  the  wood  around  the  screws  are  crushed  and  destroyed,  but  when 
the  right  size  bit  is  used  the  thread  in  the  wood  around  the  screw 
looks  clean-cut,  the  texture  of  the  fibres  is  pressed,  and  the  fit  in  the 
wood  on  the  screw  resembles  the  appearance  of  a  nut  on  a  bolt. 

When  the  ^g  screw  was  screwed  into  a  ?4^  hole  its  full  length  of 
thread,  or  5  inches,  it  required  a  force  of  9.000  pounds  to  pull  it  out ; 
therefore  it  is  safe  enough  for  any  temporary  job  under  a  steady  stress 
to  lift  one  ton  in  a  "g  lag-screw,  as  this  gives  about  4  as  factor  of 
safety  in  pulling  out  of  the  wood,  and  there  is  no  danger  of  pulling 
off  the  screw  itself,  because  at  the  place  of  the  core  where  it  could 
break  it  is  about        inch  in  diameter  =  0.37  scjuare  inch  area. 
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Assuming  ultimate  tensile  strength  to  be  50,000  pounds  per 
square  inch,  the  breaking  load  would  be  50,000  x  0.37  z=  18,500 
pounds ;  thus  there  is  no  danger  at  all  of  the  screw  itself  breaking  for 
a  load  of  a  ton. — P.  Lobben  in  American  Machinist. 


MORTARS  AFFECTED   BY  FREEZING. 

It  appears  to  be  ascertained  as  a  fact,  based  on  more  than  six 
thousand  recorded  results,  that  Portland  cement  mortar  suffers  no 
surface  disintegration  under  any  condition  of  freezing,  but  that  in 
most  cases  its  strength  is  reduced,  in  some  cases  by  as  much  as  40  per 
cent.  Rosendale  cement  is  disintegrated  when  exposed  to  frost  while 
setting,  and  its  cohesion  may  be  entirely  destroyed  by  immersion  in 
water,  which  becomes  frozen  around  it.  Salt  water  prevents  this  dis- 
integration to  a  large  extent,  but  seems  to  have  an  injurious  effect 
upon  the  strength,  and  the  cement  below  the  disintegrated  surface  is 
stated  to  be  increased  in  strength  when  the  Rosendale  cement  is  used. 
A  mixture  of  a  natural  rock  cement  and  of  Portland  cement  is  found 
to  give  very  satisfactory  results,  as  its  surface  does  not  disintegrate,  and 
its  strength  is  increased  by  the  freezing.  Portland  cement  is  injured 
less  proportionately  as  the  percentage  of  the  cement  in  the  samples 
is  reduced.  Again,  though  lime  mortar  is  ruined  by  alternate  thaw- 
ing and  freezing,  fairly  good  results  may  be  looked  for  in  the  case  of 
brick  masonry  when  the  mortar  is  kept  frozen  for  some  time  after  lay- 
ing.—  The  Railiuay  Rcviezv. 


Engineers  know  that  the  strength  of  wrought  iron  at  60°  and 
320°  is  practically  constant,  while  at  30°  the  strength  was  greater; 
but  until  Professor  Dewar's  recent  researches  they  could  never  have 
conceived  that  when  immersed  in  liquid  air  at  a  temperature  of —320° 
the  strength  of  iron  wire  would  be  raised  from  thirty-four  tons  to 
sixty-two  tons  per  square  inch.  The  chemical  constituents  of  iron  and 
steel  do  not  change,  but  the  molecular  arrangement  and  intercrystal- 
line  cohesion  must  change,  and  it  is  to  mathematical  investigation  and 
laboratory  work,  rather  than  to  practical  engineering  that  we  must 
look  for  an  elucidation  of  the  process. — Engineering  Mechanics. 


LETTER  TO  W  EDITOR. 

riiis  department  is  set  aside  as  an  open  door  for  communications 
upon  all  subjects  pertaining  to  the  physical  properties  of  the  materials 
of  construction.  We  solicit  letters  from  the  colleges,  private  and 
governmental  laboratories,  both  at  home  and  abroad,  and  from  all 
those  interested  in  the  field  which  we  represent.  It  is  desired  that 
this  department  shall  be  the  means  of  bringing  forth  and  circulating 
amongst  engineers  and  architects  the  knowledge  gained  in  these  va- 
rious laboratories.  .And  we  shall  hope  to  have  it  well  fdled  with 
testing-room  kinks,  and  practical  facts  of  permanent  value. 


PRESS  PRESSURES. 

Editor  Digest : — In  testing  dies  which  are  mounted  in  punch- 
ing, forming,  and  coining  presses,  it  is  often  desirable  to  know  the 
pressure  exerted  through  them,  not  only  at  its  ma.ximum  point,  but  at 
other  stages  during  the  descent  of  the  ram.  For  this,  as  far  as  the 
writer  is  aware,  no  special  device  has  ever  been  built,  the  itw  experi- 
menters in  this  line  having  had  recourse  to  a  pair  of  dies  mounted 
temporarily  in  an  ordinary  testing-machine. 

It  is  much  to  be  desired  that  a  practical  "testing-bolster"  should 
be  contrived  which  could  be  jjlaced  upon  the  bed  of  any  press,  and 
upon  which  ordinary  dies  could  be  mounted.  For  the  majority  of  the 
work  a  device  in  the  form  of  a  flat  plate,  not  more  than  four  inches 
thick,  one  foot  wide  from  front  to  back,  and  of  any  reasonable  length 
between  one  and  four  feet,  would  be  immensely  useful.  It  should 
have  a  range  for  measuring  presses  from,  say,  loo  to  200,000  pounds, 
and  should  preferably  be  a  recording  instrument,  capable  of  making 
a  chart  similar  to  the  diagram  of  a  steam-engine  cylinder,  the 
ordinates  of  the  curve  representing  the  pressures,  and  the  abscissa; 
the  time,  or,  what  amounts  to  the  same  thing,  the  amount  of  ram- 
descent  during  the  time  in  which  actual  work  is  done. 

The  writer  has  contrived  .several  methods  for  accomplishing  the 
above  purpose,  but  has  never  yet  found  anv  which  seemed  as  if  it 
166 


Letters  to  the  Editor.  167 

would  satisfactorily  (and  cheaply)  meet  all  the  conditions.  The 
actual  building  of  the  device  is  therefore  in  abeyance,  for  the  present, 
unless  indeed  somebody  else  has  taken  it  up.  The  chief  difticulties 
in  the  way  are  the  small  available  space  and  the  necessity  of  weigh- 
ing so  heavy  and  so  greatly  varying  a  pressure  anywhere  over  a 
broad,  flat  space.  Were  it  balanced  in  the  centre,  the  task  would 
be  easier,  as  it  also  would  for  a  small  range  of  pressures. 

Oberlin  Smith. 
Bridgeton,  N.  J. 


LENGTH  OF  REDUCED  SECTION  versus  ELONGATION  OF 
TEST  SPECIMENS. 

Editor  Dii:;esf  : — Answering  your  inquiry,  asking  the  writer's 
opinion  on  the  effect  of  lengthening  the  distance  between  the  necks  of 
test  pieces  for  tension  tests,  the  writer  would  say  that  the  greater  the 
distance  between  the  necks,  the  larger  will  be  the  percentage  of  elon- 
gation in  each  inch  of  test  piece  after  the  piece  has  been  subjected  to 
the  breaking  strain. 

From  the  number  of  tests  made  in  the  Physical  Laboratory  of 
the  Phoenix  Iron  Works,  the  truth  of  this  statement  has  been  demon- 
strated beyond  doubt. 

The  writer  personally  conducted  a  series  of  tests,  in  which  four 
test  pieces  were  cut  side  by  side  from  the  same  plate,  from  three 
different  plates,  making  in  all  twelve  pieces.  One  piece  from  each 
plate  was  necked  to  the  length  of  2",  one  piece  from  each  plate  to 
S",  and  one  to  12",  while  the  fourth  piece  from  each  plate  was  planed 
to  the  width  of  the  necked  section  in  the  other  test  pieces.  After 
breaking,  it  was  developed  that  the  piece  2"  long  had  stretched  on  an 
average  of  about  36  per  cent.,  while  the  2"  adjacent  to  the  fracture  in 
the  8"  long  piece  had  stretched  fully  37  per  cent.,  in  the  12"  piece 
the  2"  section  had  stretched  over  38  per  cent.,  and  in  the  piece  which 
had  not  been  necked  the  elongation  in  a  similar  length  had  been  over 
39  per  cent.  It  was  also  noticed  that  the  elongation  in  8"  of  the  two 
long  pieces  was  proportionately  more  than  in  the  pieces  which  had 
been  necked  to  8". 

At  first  sight  this  is  paradoxical,  but  on  reflection  it  seems  per- 
fectly clear  that  the  molecules  of  the  long  sections  have  more  time  to 
adjust  themselves  to  the  ever-changing  conditions  of  the  test  pieces 
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while  being  pulled,  while  the  shorter  pieces,  being  broken  in  so  much 
less  time,  have  very  much  less  time  to  accommodate  themselves  to  the 
conditions. 

I  do  not  know  that  these  results  have  developed  anything  which 
has  not  been  known,  but  in  view  of  the  important  relation  existing 
between  the  percentage  of  elongation  and  the  ultimate  strength,  they 
are  not  only  important,  but  interesting  as  showing  the  effect  of  the 
length  of  the  piece  upon  the  elongation,  as  developed  by  testing  in  a 
standard  testing  machine. 

It  is  a  general  rule  that  soft  steel  will  develop  a  much  greater 
elongation  than  steel  of  a  higher  tensile  strength,  and  it  therefore 
follows  that  the  better  of  two  steels  is  the  one  that  will  show  the 
higher  ultimate,  if  the  percentage  of  elongation  is  the  same  as  in  the 
softer  steel;  and,  similarly,  that  if  the  ultimate  strength  of  two  steels 
is  the  same,  that  which  shows  the  greater  elongation  is  the  better. 

Nearly  all  specifications  are  based  upon  the  results  of  previous 
tests,  and  it  is  manifestly  unfair  to  the  manufacturer  to  expect  steel  to 
develop,  in  a  necked  section  8  inches  long  the  same  elongation  that 
was  at  some  previous  time  developed  in  8  inches  of  a  section  1 2  inches 
long.  On  the  other  hand,  if  a  specification  has  been  based  upon  the 
elongation  as  developed  in  a  test  specimen  necked  to  a  length  of  8 
inches,  the  results  obtained  from  a  section  12  inches  long,  or  longer, 
are  clearly  unreliable  for  comparison. 

As  existing  specifications  have,  for  a  large  part,  been  written  by 
theoretical  but  impractical  engineers,  and  are  largely  influenced  by 
personal  bias  and  opinion,  and  do  not  represent  the  thought  of  the 
persons  best  able  to  define  what  should  be  required  in  steel  or  iron  for 
its  various  uses,  viz.:  the  manufacturers;  the  writer  would  suggest  that 
the  editor  of  the  Digest  should  take  up  the  question  now  being 
agitated  by  several  of  our  most  prominent  steel  manufacturers,  and 
urge  the  adoption  of  a  uniform  specification  for  quality  of  material  in 
a  convention  in  which  the  manufacturer  should  be  represented.  The 
question  of  length  of  test  piece  should  be  definitely  settled  by  such  a 
convention,  for  by  this  means  only  can  uniformity  of  results  be  ob- 
tained. Ed.  H.aupt. 
Ph<xnix\tlle,  Pa. 


noTES  MD  cQnnEnTi 

ENGINEERS  all  over  the  country  will  be  interested  in  learning 
of  the  discovery  of  a  new  method  of  conducting  tests  when 
the  strength  of  the  specimen  to  be  tested  exceeds  the  capacity 
of  an  available  machine.     Since  the  strength  of  a  material  is  in  direct 
proportion  to  its  area,  and  the  area  is  in  direct  proportion  to  the 
diameter,  it  is  hardly  the  work  of  a  moment  to  ascertain  the  ap- 
proximate   number  of   square  inches  in  a  test  specimen.     We  say 
"  approximate  "  because  the  exact  ratio  of  the  diameter  of  a  circle  to 
its  circumference  is  not  known,  although  it  is  believed  that  the  ancient 
Egyptian  philosophers  were  in  possession  of  the  secret.     Ahmes,  a 
scribe  of  King  Ra-a  us,   in  his  Papyrus  Phind—thc  oldest  mathe- 
matical book  in  the  world— gives  a  transcript  of  a  treatise  wrinen 
about  2.500  vears  B.  C,  in  which  was  a  rule  for  finding  the  area  of 
a  circle      Another  solution  was  claimed  by  Hippocrates,  the  geo- 
metrican  of  Chios,  500  B.   C.     The  Babylonians,  also,  had  a  rule, 
but  it  was  not   until   Euler   introduced  the  symbol  ~  to  represent 
the  ratio  of  the  circumference  of  a  circle  to  its  diameter,  and  Archi- 
medes proved  it  to  be  less  than  3.1-7  and  greater  than  3. 10-71,  that 
the  ratio  of  3.1416-^  was  accepted,  and  the  problem  brought  withm 
the  scope  of  the  ordinarv  machine  shop.     But  out  of  the  hundreds  of 
known  rules  for  squaring  the  circle,  there  are  none  quite  so  starthng 
as  the  one  recentlv  evolved  by  a  nineteenth-century  engineer  and  m- 
spector  in  the  emplov  of  one  of  the  prominent  English  Steamship 
Insurance    Companies,    who,    having   occasion   to   test    the    tensile 
strength  of  a  i^i  inch  chain  cable  when  the  largest  available  test- 
ing machine  would  only  pull  i^i   inch  diameter,  first  broke  a  one- 
inch  chain  and  then   a  three-quarter  inch  chain,  added  the  results 
together,  and  handed  in  his  report. 


If  the  resolution  providing  for  an  investigation  into  the  Bureau 
of  Ordnance  of  the  Navy,  recently  introduced  before  the  benate  by 
Senator  Chandler,  and  which  has  excited  such  interest  and  comment 
in  navy  circles,  is  accepted,  and  the  investigation  conducted  with  the 
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thoroughness  the  resohition  calls  for,  many  t'atts  are  certain  to  come 
to  light  wliich,  it  is  believed,  will  seriously  elTeci  the  integrity  of  the 
Navy  Department.  In  AVashington  it  is  current  talk  that  while  every 
large  railway  corporation  and  industry  interested  in  the  purchase  of 
material  l»v  contract  only  accejit  such  after  rigid  insj)ection  by  high- 
class  experts,  the  Navy  I)ei>ariment  has,  for  years  past,  assigned  to 
this  duty  ensigns  and  lieutenants  with  no  i)ractical  knowledge  of 
either  the  materials  or  their  manufacture.  In  our  own  experience 
with  Ciovernnient  Inspectors,  both  with  exi)erienced  men  and  those 
just  assigned  to  the  duty,  we  have  yet  to  fnid  one  who,  though  not 
possessed  of  an  accurate  knowledge  of  the  manufacture  of  the 
materials,  is  so  lacking  in  common  intelligence  as  to  make  such  an 
exhibition  of  his  lowclassness  as  reported  in  the  test  of  chain  cable 
cited  above,  which  was  conducted  by  one  of  the  so  called  high-class 
experts. 

A  correspondent  writes  us  that  he  is  very  much  pleased  with  the 
initial  number  of  The  I)I(;kst,  and  assures  us  thai  the  publication 
will  meet  with  success,  but  suggests  that  we  omit  all  such  unscientific 
matter  as  appears  upon  page  sixteen.  While  we  feel  that  his  criticism 
is  entirely  fair,  and  are  very  grateful  for  the  friendly  spirit  in  which  it 
is  given,  we  think  he  is  rather  hard  on  one  of  our  tender  years,  and 
should  ajjpreciate  that  so  sudden  an  api)carance  of  a  Black  Cat  was 
likely  to  drive  any  poor  devil  of  an  editor  to  the  i)oint  of 
making  fun.  And  wherein  lies  the  harm  ?  Surely  it  is  strengthening 
to  one's  nerves  to  indulge  in  a  bit  of  innocent  foolery  as  an  appetizer 
before  swallowing  something  heavy.  It  is  told  of  Abraham  Lincoln 
that  he  frequently  interspersed  humorous  anecdotes  while  discussing 
the  gravest  affairs  of  State.  With  this  exami)le  before  us,  we  feel 
exonorated  for  introducing  matter  which,  to  the  serious-minded,  may 
appear  frivolous  and  out  of  i)lace. 


The  Fifth  International  Congress  for  the  unification  of  the 
methods  of  testing  materials  of  construction  was  held  at  Zurich  in 
September,  1895.  Nearly  five  hundred  members  took  ])art  in  the 
deliberations,  either  by  correspondence  or  by  actual  presence,  six  of 
whom  were  from  the  I'nitcd  States.  On  the  third  day  the  work  of 
the  American  Society  of  Mechanical  Mngineers  was  fitly  recognized 
by  its  representative  G.  C  Henning,  of  New  York,  being  called  to 
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the  place  of  honorary  chairman.  A  large  number  of  valuable  papers 
were  read  and  discussed.  Professor  L.  de  Tetmajer,  of  Zurich,  was 
elected  President  of  the  Association  for  the  year  1S96  and  1897,  and 
an  executive  committee,  composed  of  Professor  Belelubski,  of  St. 
Petersburg;  Councillor  Berger,  of  \'ienna;  Professor  Martens,  of 
Berlin,  and  Baron  Rochemont,  of  Paris,  was  appointed.  Authorities 
on  the  subject  of  testing  and  organized  societies  are  admitted  to  the 
Association  on  their  application  \  others  must  be  proposed  in  writing 
by  two  members.  Each  member  agrees  to  contribute  in  proportion 
to  his  means  to  advance  the  aims  of  the  Association.  Propositions  for 
membership  should  be  directed  to  the  President.  An  annual  fee  of 
five  francs,  four  marks,  or  one  dollar,  is  paid  by  each  member,  and  he 
receives  the  journal  of  the  Association  at  a  reduced  price.  The 
affairs  of  the  Association  are  managed  by  the  president  and  executive 
committee,  aided  by  an  advisory  committee  of  delegates  to  the  Con- 
gresses which  are  held  every  two  years.  A  movement  is  on  foot  to 
issue  an  international  review  which  will  doubtless  appear  as  a  part  of 
the  journal  of  the  Association.  The  Sixth  Congress  will  be  held  at 
Stockholm  in  1897,  and  the  Seventh  at  Paris  in  1900.  It  is  to  be 
hoped  that  the  number  of  American  members  of  the  Association  may 
be  largely  increased,  so  that  a  full  presentation  of  American  methods 
of  testing  may  be  made  at  those  Congresses.  Uniformity  in  testing 
is  necessary  for  the  purposes  of  comparison  ;  much  good  work  has 
been  already  done  in  this  direction  by  the  International  Association, 
and  much  more  will  result  from  its  future  deliberations. 


All  practical  steel  plate  and  rolling-mill  owners  will  join  us  in 
entering  our  protest  against  the  adoption  of  a  standard  test  specimen 
of  the  form  recommended  in  the  amendments  recently  submitted  by 
the  committee  of  the  American  Steel  Manufacturers  to  the  Board  of 
Supervising  Inspectors  of  Steam  Vessels  at  Washington.  The  speci- 
fications provide  that  the  test-pieces  shall  be  prepared  in  the  form 
shown  in  Fig.  i,  which,  every  practical  engineer  will  see  at  a  glance, 
is  a  very  difficult  and  expensive  shape  to  make.  When  it  is  con- 
sidered that  some  of  the  large  mills  pull  their  tests  at  the  rate  of  sixty 
per  hour  on  a  single  testing  machine,  it  will  be  appreciated  that  the 
cost  of  preparing  the  specimens  is  a  very  important  item  in  the  ex- 
pense of  maintaining  a  laboratory.     Sixty  specimens  per  hour  is,  we 
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think,  far  too  fast  to  obtain  reliable  results,  giving  too  high  a  tensile 
strength  and  destroying  the  elongation,  but  to  be  able  to  pull  e\en 
half  this  number  per  hour,  requires  the  use  of  the  most  modern  ap- 
pliances for  preparing  the  specimens.  Before  the  introduction  of 
special  tools  for  this  purpose,  it  was  not  unusual  to  see  as  many  as 
six  shapers  running  to  supply  one  testing-machine.  Test  pieces  pre- 
pared on  a  shaper  have  both  edges  parallel  throughout  their  length, 
but  these,  in  turn,  as  shown  by  Mr.  Edward  Haupt,  of  the  Phtenix 
Iron  Co.,  have  too  great  an  elongation.  In  later  practice  various 
other  more  rapid  methods  have  been  tried,  among  which  are  the 
Newton  Saw  and  the  IngersoU  Planer.  The  saw  was  never  destined 
to  set  rivers  on  fire,  and  soon  dropped  into  oblivion,  while  the 
IngersoU  Planer,  though  a  large  and  powerful  milling  machine,  well 
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adapted  to  a  wide  range  of  usefulness  and  ca]')able  of  rapid  work, 
possesses  the  disadvantage  of  only  milling  one  side  of  a  row  of 
specimens  at  a  time.  The  newer  machines  are  designed  on  the  rotary 
planer  princii)le,  and  finish  both  sides  of  a  row  of  test  pieces  simul- 
taneously. The  machines  are  fitted  with  two  heads,  each  carrying 
from  eight  to  twelve  tools.  The  shajie  of  these  tools  fix,  of  course, 
the  shape  and  size  of  the  fillet  in  the  test  specimens,  and  since  the 
tools,  to  obtain  a  smooth  finish  in  the  test  pieces,  must  be  dead  in 
line,  it  is  necessary  to  grind  them  after  they  are  set  in  the  heads.  By 
using  tools  ground  to  form  a  specimen  the  shape  of  Fig.  2,  this 
.1,'rinding  is  reduced  to  a  comparatively  simple  oj^eration.  They  can, 
however,  be  more  readily  ground  to  give  the  form  shown  in  Figs.  3 
and  4,  but  to  produce  the  test  piece  shown  in  Fig.  i,  requires  the  use 
of  an  axle-mill  four  inches  in  diameter.  an<l  the  slow  ])rocess  of  feed- 
ing the  cutter  by  hand  until  it  reaches  the  required  depth,  this  tedious 
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task  only  being  obviated  by  the  additional.expense  of  a  special  grind- 
ing machine  to  round  the  corners  of  the  cutter,  so  as  to  permit  cross- 
milling.  Why,  in  these  times  of  systematic  inspection  of  material  by 
*' hi -h- class  experts,"  manufacturers  should  be  obliged  to  incur  the 
heav^y  expense  of  preparing  test  specimens  in  the  form  proposed  by 
the  committee,  when  other  and  cheaper  forms  give  precisely  the 
same  results,  and  curtail  the  tax  on  the  time  and  patience  of  the 
Government  Inspectors  who  are  obliged  to  remain  idle  while  the 
test  pieces  are  being  prepared,  is,  to  us,  an  unexplainablc  mystery. 


In  another  part  of  this  issue  appears  a  report  on  a  series  of  tests  on 
paving  bricks  to  determine  the  compressional  strength  and  the  amount 
of  absorption.     Considering  the  immense  growth  of  the  paving-bnck 
industry  during  the  last  ten   years,   it  is  important  that  the  testing 
laboratories  of  the  country  should  devote  some  attention  to  the  quali- 
fications of  a  first-class  paving  brick.      The  engineering    societies 
should  prescribe  a  standard  method  of  testing  paving  bricks,  for  at  the 
present  time  the  methods  are  so  at  variance  that  we  have  no  means 
of  comparing  the  relative  merits  of  paving  material.     The  most  im- 
portant tests  that  can  be  made  are  the  tests  for  compression^  strength 
and  the  amount  of  moisture  absorbed;  the  former  gives  us  a  definite 
notion  of  the  brittleness  and  elasticity,  as  well  as  the  compressional 
strength  ;  the  latter  enables  us  to  select  a  brick  that  will  not  disinte- 
grate in  freezing  climates.     The  record  of  tests  presented  by  Professor 
Inderson  includes  twelve  of  the  most  important  and  reliable  paving 
bricks  made  in  this  country,  and  the  illustrations  of  the  fractures  form 
an  important  feature  of  the  article,  for  by  these  fractures  we  are  able 
to  determine,  to  a  large  extent,  the  homogeneity  of  the  paver   and  by 
this  means  the  care  with  which  the  material  is  ground  and  worked  will 
be  apparent.  

In  a  recent  letter  to  the  Engineering  News,  Booth,  Garrett  & 
Blair  g.ve  the  following  rule  for  deternnning  the  proper  proportion  of 
water  in  mortar  mixtures,  which,  they  say,  has  been  adopted  in  their 
laboratory  with  entirely  satisfactory  results.  First  determine  by  pat 
tests  the  proper  percentage  of  water  for  the  neat  cement,  then  reckon 
at  7  per  cent,  the  ..mount  of  water  required  for  the  sand.  Thus,  if 
the  neat  cement  takes  25  per  cent,  of  water,  the  proper  amount  for  a 
three  to  one  mortar  would  be  as  loUows : 


^/4  Z>/i.'-..y/  of  Physic  a!  rests. 

I  part  cement  at  25  per  cent ^ 

3  parts  sand  at  7  jier  cent., ~ 

4  at  II  >,'  per  cent.,  ...  •    .    .     .- 
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Or  for  a  two  to  one  mortar  of  the  same  rement  as  follows: 

1  p.-irt  cement  at  25  per  cent. 

2  parts  sand  at  7  ])er  cent -O 

3  *t  13  per  cent. 
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This  rule  gives  proportions  of  water  which  are  entirely  satisfac- 
tory for  ordinary  commercial  mortar  sands  ;  a  little  less  can  be  used  with 
standard  test  sand.  For  rammed  work  we  are  confident  these  propor- 
tions should  not  be  exceeded;  if  thoy  are,  the  mortar  will  be 
"sloppy."  For  work  which  is  laid  with  a  trowel,  more  water  is  ad- 
vantageous. The  rule  is  also  (juite  satisfactory  for  concrete,  if  the 
stones  are  moistened  before  they  are  added  to  the  mortar. 


The  history  of  the   designing  and  constructing  for  the  United 
States  Government,  by  Mr.  A.  H.  Emery,  of  the  famous  on,  million 
pound hstuio  machine,  which  has  been  in  constant  use  at  the  Water- 
town  Arsenal  for  fifteen  years,  is  well  known  to   physicists  and  engi- 
neers. The  machine  differs  so  radically  in  principle  from  all  other  test- 
ing machines  that  it  has  created  world-wide  interest,  not  only   on  ac- 
count of  its  great  capacity,  but  abso  from  its  extreme  delicacy  and 
sensitiveness  in  operating,  being  practically  as  sensible  of  small  varia- 
tions of   stress  when  loa.led  to  its    full    capacity,   as    when    merely 
tested  under  the  weight  of  the  beam  itself.     When   it  was  originally 
announced  that  friction  under  heavy  loads  was  so  completely  neutral- 
ized   that    a    practically    frictionless    testing    machine   resulted,    the 
statement  was  received  with  incredulity,  then  with  wonder,  but  is  now 
accepted  as  a  demonstrated  fact.     The  chief  objections  that  have  been 
raised  to  this  machine  are  the  first  cost  and   the  .slowness  of  action  as 
compared  with  testing  machines  of  the  usual  construction.      While  it  is 
true  that  the  design  of  the  machine  renders  it,  necessarily,  somewhat 
costly  to  construct,   and  while  it   is  also  true   that  the  Watertown 
machine   is    not  as  well   adapted   to  rapid    commercial   work  as  to 
original   scientific    investigation  —  for  which    purpo.se    it   was    built, 
these  conditions  are  now  greatly  changed.     Several    years  ago   the 
firm    of    Wm.    .Sellers   c^:    Co..    Incorporated,    acq.nred    the  "patent 
rights  for  the  commercial    manufacture  of  this  machine,   and   have 
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devoted  themselves  to  gradually  decreasing  the  cost  and  increasing 
the  speed  of  operation,  while  scrupulously  retaining  the  original  mar- 
velous delicacy  and  accuracy.  Improved  arrangements  for  rapidly 
clamping  test  pieces — preserving  true  alignment — so  that  they  cannot 
possibly  be  subjected  to  torsional  or  bending  strains,  when  a  straight 
pull  is  desired,  and  other  new  mechanical  devices  have  successfully 
overcome  the  former  objections  and  introduced  novel  advantages.  An 
idea  of  the  possible  speed  of  tests  when  the  Emery  machine  is 
properly  adapted  to  special  work  may  be  gleaned  from  the  daily 
records  of  the  Washburn  &  Moen  Co.,  of  Worcester,  Mass.,  where 
an  ordinary  day's  work  upon  their  machine  is  600  records  of  ultimate 
stress  and  elongation  of  wire  samples,  and,  on  busy  days  more  than 
700  separate  tests  have  been  recorded. 


Until  recently  there  appears  to  have  been  no  uniform  standard 
of  tests  for  leather  used  in  the  manufacture  of  shoes  and  other  articles 
required  for  use  in  the  United  States  Government  service.  Each  manu- 
facturer of  leather,  in  order  to  show  to  the  purchaser  the  quality  of  his 
product,  used  various  crude  methods  of  his  own,  one  of  which  was  to 
puncture  a  piece,  and  then  force  his  finger  or  some  implement  through 
the  opening  and  tear  it  apart.  Others  would  press  their  thumbs  through 
the  leather  and  note  the  resistance  to  tear — certainly  ''a  rule-of- 
thumb  "  method.  The  employment  of  such  tests  as  these  proved,  of 
course,  entirely  unsatisfactory  to  the  officers  in  charge  of  purchasing, 
and  led  eventually  to  the  design  of  a  special  testing-machine  and  the 
adoption  of  a  standard,  whereby  uniform  and  comparative  tests  could 
be  obtained,  and  all  leather  placed  upon  its  relative  merit.  Testing 
machines  have  been  applied  to  all  kinds  of  material,  but  this  is  a  new 
field  and  one  that  is  destined  to  excite  considerable  interest.  Every 
manufacturer  wants  to  excel  in  the  quality  of  his  product,  and  when 
he  has  once  attained  a  high  grade  of  material  he  is  particularly  anx- 
ious to  get  full  value  for  it.  There  is  nothing  so  disastrous  to  a  manu- 
facturer as  to  be  without  a  standard  by  which  good  material  can  be 
appreciated  and  paid  for,  and  poor  material  condemned  and  rejected. 
It  is  of  just  as  much  importance  to  the  manufacturer  of  leather  to 
determine  the  quality  of  his  output  by  actual  tests  as  it  is  for  a  dealer 
in  fluids  to  measure  the  same  by  the  quart  or  gallon,  or  manufacturers 
of  fabrics  to  measure  by  the  yard. 
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The  American  Machinist,  in  its  issue  of  February  13th,  has 
the  following  to  say  of  us.  which,  being  the  only  inifavorable  criti- 
cism we  have  seen,  we  reprint:  ''  Thk  Dicest  or  Physical 
Tests  and  Lahokatorv  PKACricE  is  the  name  of  a  new  quarterly 
published  by  Frederick  A.  Riehle,  of  Philadelphia,  and  is  an 
unusually  ambitious  and  interesting  cxanii)le  of  that  class  of  journals 
that  have  been  denominated  'House  Organs,'  and  which  are  the 
outgrowth  of  a  manufacturer's  idea  that  not  enough  is  said  in  the 
regular  technical  journals  respecting  his  special  line  of  work,  and 
that  by  starting  a  technical  journal  of  his  own  he  can  secure  ade- 
(piate  treatment  of  the  subjects  he  is  specially  interested  in,  and  can 
at  the  same  time  do  his  own  advertising  more  cheaply  than  it  can 
be  done  otherwise.  The  scheme  often  looks  promising,  but  in  prac- 
tice it  seldom,  if  ever,  works  well.  It  costs  nothing  whatever  to  get 
really  interesting  matter  into  the  best  of  technical  journals,  and  mat- 
ter that  is  not  sufficiently  interesting  to  get  into  them  will  find  few 
readers.  Though  there  are  sound  economic  reasons  why  very  few 
manufacturers  can  long  continue  such  a  publication,  that  does  not 
alter  the  fact  that  the  relatively  icw  engineers  who  are  more  interested 
in  physical  tests  of  materials  than  in  any  other  branch  of  work  will  find 
much  to  interest  them  in  this  first  number  of  the  new  journal  referred 
to,  which  is  admirable  in  many  respects,  contains  good  articles  on 
the  subjects  indicated,  and  is  well  gotten  up  mechanically,  good  illus- 
trations, well  i)rinted  on  good  paper.  It  is  in  magazine  form.  6x9 
inches  standard,  and  the  first  number  contains  <S6  pages."  ^\  e 
think  The  American  Machinist,  as  shown  by  its  attitude  at  the  first 
appearance  oi  Afachinery,  is  inclined  to  lie  the  op])Osite  of  gallant  in 
its  criticisms  of  its  contemporaries,  but,  like  Machinery,  we  would 
say  that  "  there  is  room  for  us  both,  neighbor."  Of  course,  all  our 
readers  know,  or  at  least  we  wish  them  to  know,  that  our  Publisher. 
Mr.  Frederick  A.  Riehle,  is  the  manufircturer  of  the  well-known 
Riehle  Testing  Machine,  to  which  business  he  has  ardently  devoted 
himself  for  the  past  thirty  years,  and  we  consider  that  the  Dic.est 
is  only  a  natural  outgrowth  of  this  train  of  thought.  It  was  with  no 
little  misgiving  that  a  venture  of  this  kind  was  undertaken,  but  it  was 
not  done  without  due  deliberation,  and  the  favorable  comments  that 
the  first  number  elicite«l  from  the  many  are  Hattering  in  the  extreme, 
and  far  outweigh  the  criticisms  of  the  few  whose  line  of  work  ran 
hardly  make  them  competent  jutlges  of  this,  the  newest  of  the 
sciences. 
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The  Publisher  of  The  Digest  of  Physical  Tests  considers  an 
acknowledgment  due  the  many  kind  friends  and  substantial  supporters 
of  that  magazine,  and  wishes  to  express  his  thanks  for  the  large  num- 
ber of  congratulatory  letters  and  assurances  of  valuable  contributions 
which  have  been  received  from  all  parts  of  the  country.  In  subse- 
quent  numbers  the  Digest  will  contain,  from  time  to  time,  valuable 
translations  from  the  German  and  French,  as  it  is  acknowledged  that 
the  subject  of  testing  has  received  far  more  attention  abroad  than  in 
the  United  States.  We  are  assured  that  these  translations  are  awaited 
with  interest. 

The  attendance  at  the  annual  meeting  of  American  Institute  of 
Mining  Engineers,  recently  held  at  Pittsburg,  was  exceptionally  large. 
The  opening  session  was  held  on  Tuesday,  February  i8th,  which  was 
principally  taken  up  by  speeches  of  welcome  and   the  President's 
address.     Wednesday  was  given  over  to  an  excursion  to  Homestead, 
where  the  large  beam  mill,  the  armor-plate  plant,  plate  mill,  armor- 
plate  mill,  and  open-hearth  plants  were  visited  in  turn,  followed  by 
a  highlv  interesting    tour   through    the  AVestinghouse  Electric  and 
Manufacturing    Company's   new  plant   at   East    Pittsburg,   and    the 
Edgar  Thomson   steel   plant  at  Bessemer.     Thursday  morning  and 
afternoon  was  devoted  to  the  continuance  of  the  discussions  on  the 
physics  of  cast  iron,  many  interesting  and  valuable  facts  being  brought 
to  light.     Among  the  contributions  to  the  debate  were  C.  R.  Baird  & 
Co  ,  E.  K.  Landis,  A.  E.  Outerbridge,  Jr.,  W.  R.  Webster,  and  T. 
D   West.     Papers  were  also  read  by  H.  L.  Mollis,  on  the  "  Walrand- 
Legenisel  Process;"  by  H.  A.  J.Wilkens,  on  the  "Magnetic  Separation 
of  Non-Magnetic  Material;"  by  R.  H.  Richards,  on  -Experiments 
in  Sorting  before  Sizing;"  by  Thomas  Robins,  Jr.,  on  "Conveying 
Belts  and  Their  Uses,"  and  by  Guy  R.  Johnson,  on  "The  Embree- 
ville  Estate  of  Tennessee."     In  the  evening  a  banquet  was  held  at 
the  Monongahela  House,  in  which  most  of  the  members  and  their  guests 
participated.     Speeches  were  made  by  Joseph  D.  Weeks,  the  retiring 
president,  and  by  E.  G.  Spilsbury,  the  newly  elected  president.     Sec- 
retary R    W.   Ravmond  responded  to  the  toast,  "Claims;"   R.  H. 
Hunt    "Defects;'''   Dr.  D.  T.  Day,  "Figures;"  D.  Riddle,  "Mines 
and  Minds,"  and  A.   P.   Burgwin,  "The  Law,"  which  was,  by  far, 
the  wittiest  and  most  enjoyed  speech  of  the  evening.     On  Friday, 
the   last   day  of  the   convention,   the   members  visited  the  McKee 
Brothers'  Glass  Works,  Jeannette  ;  The  Latrobe  Steel  Works,  Latrobe  ; 
and  the  Penn  Salt  Co.,  Natrona,  Pa. 
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OPINIONS  OF  THE  PRESS. 


"  The  first  issue  of  the  Digest  of  Physical  Tests  does  credit  to  both  pub- 
lisher and  editor.  It  is  a  resume  of  practical  tests  made  in  the  laboratories  of 
the  world,  and  contains  eighty-six  reading  pages,  which  are  of  great  interest 
to  the  engineer  and  mechanic  who  deal  in  any  way  with  the  strength  and 
property  of  materials.  Any  engineer  will  find  many  times  the  subscription 
price  ($i.oo)  in  a  single  issue,  and  they  are  sure  to  be  preserved  for  future 
reference. ' '  — Machinery. 

"'Y\\G  Digest  of  Physical  Tests,  of  which  the  initial  impression  has  just 
appeared,  is  designed  to  cover  a  field  which  has  not  yet  been  exclusively  appro- 
priated by  any  other  technical  publication  in  this  country.  If  it  shall  ade- 
quately meet  the  possibilities  of  its  title  it  will  prove  of  the  greatest  service  to 
the  engineering  profession.  The  contents  of  the  first  impression  embrace  a 
number  of  original  contributions  by  well-known  writers,  and  numerous  useful 
abstracts.  The  new  journal  appears  in  magazine  form,  an  8vo  of  86  pages, 
well  printed,  and  liberally  illustrated." — Journal  of  the  Franklin  Institute. 

"  The  Digest  of  Physical  Tests  is  a  new  and  valuable  publication,  which 
will  be  welcomed  by  mechanical  engineers.  The  name  of  Riehlc  is  so  closely 
associated  with  mechanical  tests  and  testing  machines  as  to  form  an  assurance 
of  the  high  standard  of  any  publication  which  appears  under  its  auspices;  but 
even  if  this  were  not  so,  the  contents  of  the  first  number  would  command 
for  the  work  a  cordial  reception.  The  Digest  is  edited  by  Mr.  H.  M.  Norris, 
and  a  list  of  prominent  contributors  includes  the  names  of  many  prominent 
engineers  and  scientists." — Railroad  Car  Journal. 

"The  first  number  of  the  Digest  of  Physical  Tests  is  an  interesting  maga- 
zine of  eighty-six  pages,  containing  records  of  tests  of  material  and  special 
articles  on  subjects  relating  to  the  strength  of  materials  and  methods  of  test- 
ing and  inspecting  them.  These  are  by  well-known  authorities,  and  are  of 
great  value  to  the  engineer.  The  new  publication  starts  out  well,  and  it  has 
only  to  maintain  in  future  issues  the  excellence  of  the  first  to  make  it  indis- 
pensable to  those  interested  in  keeping  informed  on  the  latest  tests  of  materials 
and  improvements  of  laboratory  practice." — Raihvay  Master  Mechanic. 

"We  have  just  received  from  the  publishers  the  first  number  of  the 
Digest  of  Physical  Tests,  and  find  it  full  of  interest,  especially  in  connection 
•with  physical  tests  and  those  questions  of  engineering  that  involve  tests. 
There  has  been  a  need  for  just  such  a  '  Digest.'  " — American  Manufacturer. 

"  It  seems  to  us  that  there  is  a  wide  field  for  such  a  journal  as  the  Digest 
of  Physical  Tests,  and  we  are  sure  that  it  will  be  welcomed  by  the  engineering 
fraternity  generally.  The  first  number  and  the  prospectus  give  promise  of  a 
brilliant  and  useful  future,  and  it  only  remains  to  maintain  this  high  standard 
to  realize  all  that  is  promised." — Electricity. 

"  The  first  number  of  the  Digest  of  Physical  Tests  contains  a  great  deal 
of  information  concerning  laboratory  practice." — Loco)notive  Efjgineering. 


ADVERTISING    DEPARTMENT. 

EXTRACTS  FROM  LETTERS. 


Dr.  R.  H.  THURSTON,  Director,  Sibltv  College:  "  Vou  have  made  an  excellent  lieginning, 
and  1  hope  it  will  prove  that  the  Digest  will  not  only  find  its  place,  Init  will  become  a 
permanent  addition  to  our  periodical  literature." 

Prof.  WALTER  1-l.lN  i",  Maine  State  College:  "  I  have  read  tlie  ZV<v5/ with  a  great  deal 
of  interest,  and  wish  to  congratulate  ycu.  I  would  not  l)e  witlKnit  the  future  numbers  for 
many  times  their  cost.'" 

Prof.  C.  n.  BENJAMIN,  Case  School  of  Applied  Science  :  "  I  did  not  realize  until  I  saw  it 
how  useful  and  necessary  such  a  publication  as  the  Digest  of  Physical  Tests  wuuld  be 
for  me  and  my  work.  I  wish  to  congratulate  you  on  the  general  appearance  and  make- 
up of  the  Maga/ine." 

Dr.  \VII,LI.\M  n.  WAI I L,  Secretary,  Franklin  Institule  :  "I  tind  your  initial  impression  of 
the  Digest  a  most  interestii.g  and  creditable  production,  ami  congratulate  you  on  its  ap- 
parance." 

J.  F.  HOLLOW  AY,  Cons.  Engr.,  New  York  :  "  A  somewhat  hurried  examination  of  the  con- 
tents of  the  first  number  of  the  Digest  leads  me  to  say  that  I  think  all  the  articles  therein 
will  '  stand  the  test.'  " 

ALBERT  SPIES,  Editor,  Gassier  Magazine:  "  The  Digest  \s  decidedly  interesting,  and  if  you 
keep  on  in  this  way  I  think  you  will  have  something  of  which  you  may  fairly  be  proud. 
1  can  conscientiously  send  you  my  congratulation." 

Prof.  J.  B  J<^HNSON,  Washington  University :  "  I  like  the  appearance  of  the  Digest  very 
much,  and  I  wish  you  to  put  me  down  as  a  regular  subscriber."' 

EZEKIEL  W^ -MUNDY,  Librarian,  .Syracuse  Central  Library:  "Please  send  Digest  of 
Physical  Tests  to  this  Library.  It  was  commended  to  us  by  one  of  our  Trustees,  Mr.  J. 
Wm.  Smith,  of  the  Solvay  Process  Co." 

THE  OSBORN  CO.,  Cleveland,  Ohio  :  "  We  wish  to  express  our  hearty  approval  of  this  first 
step  of  yours,  and  hope  that  it  will  prove  the  success  which  it  deserves." 

PHILIP  HIGHBORN,  Chief  Constructor,  U.  S.  N.,  Navy  Department :  "  From  a  hasty  survey, 
I  am  sure  the  Digest  of  Physical  Tests  will  prove  interesting  and  instructive." 

MAUNSEL  WHITE,  Engr.  of  Tests,  Bethlehem,  Pa. :  "I  assure  you  of  my  hearty  sympathy 
in  the  venture  you  have  undertaken,  and  1  wisli  you  every  possible  success.  The  Beth- 
lehem Iron  Co.  have  put  the  Digest  on  its  list  of  jieriodicals,  and,  juilging  from  the  first 
number,  I  am  sure  it  will  be  read  with  much  appreciation." 

IRA  O.  BAKER,  C.  E.,  Prof,  of  Civil  Engr.,  Univ.  of  Illinois,  Champaign,  111.:  The  Digest 
of  Physical  Tests  is  certainly  a  very  valuable  publication,  and  worthy  of  support." 

J.  J.  WILMORE,  M.  E.,  Prof.  Mech.  Engr..  Ala.  Poly.  College.  Auburn,  Ala. :  "  The  Digest 
of  Physical  Tests  is  a  maga/ine  that  has  a  mission,  and  an  important  one.  It  is  sure  to 
be  a  success." 

Prof.  J.  GALBR.MTH,  School  of  Practical  Science,  Toronto,  Can.:  "  I  am  very  much  pleased 
with  the  Digest  of  Physical  Tests,  and  think  there  is  room  in  our  scientific  literature  for 
such  a  periodical." 

Prof.  W.  I'.  M.  GOS.S,  Dir.,  Engineering  Laboratory,  Purdue  University,  Lafayette,  Ind. : 
"  I  think  you  are  to  be  congratulated  upon  the  success  of  the  Digest  of  Physical  Tests." 

Prof.  F.  O.  MARVIN,  C.  E.,  Univ.  of  Kansas,  Lawrence,  Kan. :  "I  have  just  received  the 
first  number  of  the  Digest  of  Physical  Tests,  and  am  delighted  with  it.  It  meets  a  need 
that  I  have  felt,  and  will  undoubtedly  fill  worthily  a  gap  in  our  engineering  literature." 

HENRY  M.  HOWK,  Boston,  Mass. :  "  I  want  to  thank  you  for  the  admirable  work  which  you 
have  undertaken  in  your  Digest  of  Physical  Tests.  I  am  sure  that  it  will  be  of  very  great 
value  to  the  profession." 

MAX  OSTERBERG,  Editor,  Electric  Po7ver  :  "  The  Digest  of  Physical  Tests  is  a  publication 
on  which  I  think  you  deserve  congratulation,  and  best  wishes  for  success." 


ADVERTISING  DEPARTMENT. 


PROFESSIONAL  CARDS. 

ENQINEERS  WITH   WHOM   WE   ARE  PERSONALLY   ACQUAINTED   AND  CAN  RECOMMEND 
TO  OUR  CLIENTS  AND  OTHERS  INTERESTED. 


RUDOLPH    HERING, 

Civil  and  Sanitarv  Enijineer,  M.  Am.  Soc. 
C.  E.,  .M.  Inst.  C  E.,  M.  Can.  Soc.  C.  E., 

277  Pearl  Street,  near  Fulton, 
New  York. 

Designs  for  Water  Supply  and  .Sewerage. 
Construction  Superintendent. 

WILLIAM    KENT,   M.   E., 

Consulting  Engineer.  Expert  in  Patent 
Causes.  Author  of  The  Mechaniial  En- 
gineer's  Pocket  Book.  Associate  Editor 
of  Engineering  A'euus. 

Room  103,  Trirune  Building, 
New  York. 


FRANCIS   H.  RICHARDS, 

Engineering  and  Patent  Offices,  Hartford, 
Conn.,  U.  S.  A.  Specialties:  Inventions. 
Patents,  Manufactures.  Expert  in  Patent 
Cases. 


BOOTH,  GARRETT  &  BLAIR, 

Mechanical  Testing,   Inspection.  Chemi- 
cal Analyses.     Established  1836. 

T.  H.  Garrett.  A.  A.  Blair. 

F.  H.  Lewis. 

406  Locust  Street, 

Philadelphia,  Pa. 


WM.  R.  WEBSTER, 

Civil  Engineer. 

413  Walnut  Street, 

Philadelphia,  Pa. 


W.  W.  MACLAY, 

Consulting  Engineer,  M.  Am   Soc.  C.  E., 
M.  Inst.  C.  E. 

Office,  44  Pine  Street, 
New  York  City. 
Cement  Testing  Laboratory,  Glen   Falls, 
N.   Y.      Specialties:    Concrete  Construc- 
tion and  Portland  Cements. 


W,  F.  DURFEE, 

Consulting  Engineer. 
Causes. 
Mail  Address: 
77  Jewetv  Avenue, 
West  New  Brighton. 

Tel.  and  R.  R.  Station: 
Port  Richmond. 


Expert  in   Patent 


Staten  Island, 
N.  Y. 


B.  B.  Lathbury.  D.  Guy  Anderson. 

LABORATORY    OF 

LATHBURY  <St  ANDERSON, 

13 I 9  Filbert  Street, 
Philadelphia. 


Chemical  Analvsis. 


Phvsical  Tests. 


THE  ROBERT  W.  HUNT  CO., 

Bureau  of  Inspection,  Tests  and  Consul- 
tation. General  Offices : 

"The  Rookery."  Chicago. 

Branch  Offices : 

Hamilton  Building,  Pittsburg. 

Union  Trust  Co.,  Building,  New  York  C^ty. 
328  Chrstnut  Street,  Philadelphia 


G.  W.  G.   FERRIS  &  CO., 

Civil  Engineers.     Inspectors  of  Structural 
Iron  and  Steel. 


Pittsburg,  Pa. 


DR.  HENRY   FROEHLING, 

Analytical  and  Consulting  Chemist. 
Laboratory : 


17  South  Twelfth  Street, 
Richmond.  \'a. 


Van  Denbergh   Laboratory  of 
Chemical  Industry. 

Chemical   Engineers,  Analysts  and  Con- 
sulting Chemists.     Laboratory: 

Erie  County  Bank  Building, 
Buffalo,  N.  Y. 
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ADVERTISING  DEPARTMENT. 


-^^ELECTRlCRli  TESTING  INSTRUIVIENTS-^ 

\Vc  maiuilai  tiue  a  large  line,  both  for 

LABORATORY    AND    COMMERCIAL   TESTS. 

Catalogues  free  on  application. 
Correspondence  solicited. 


Queen  &  Co. 

Manufacturers  and  Importers  of 
and  Dealers  in 

SCIENTIFIC  INSTRUMENTS  OF  ALL  KINDS. 

1010  CHESTNUT  STREET, 

PHIIJflDEUPHlfl. 


Neui    YoPk    Office, 


116   Fultori   Stneet. 


Photographic  Outfits 


FOR    PHOTOGRAPHING 
MACHINERY. 


SEND  FOR   PRICES 


Blue  Print  Paper.  Drawing  Paper,  and  all  Supplies  for  the  Draughting  Room 

TMOS.      M        N0cCOI_l_ir>sJ      &      CO., 

1030    Arch    Street,    Philadelphia. 


PATENTS 


w   r   «  -1  ir 


f"i)r  Invention  and  Desinns,  Copyriiiht.s,  lite,  procured. 
Trade  .Marks  Rej{istered.  Assignments  Prepared  and  Recorded. 
Mechanical  lixpert  Reports  made,  ind  cases  InvolvinK  Patent 

law  conducted,     j^hp  ^_  Weldersheim.  The  Rr,-..,rt  !■.,■,:„„. 


FLANGES. 


Soft  Steel  Weldless  F'lanfces  rorged  and  Rolled,  from  Solid 
Steel  Ingots,  5uitat)le  for  Hijfh  Pressure  Steam,  Water  or 
(ias  Lines,     l-or  detail.s  as  to  prices,  etc ,  address 

LATROBE   STEEL  CO.,  1200  GIRARD    BUILDING,  PHILADA.,  PENNA. 

Williamson  &  Cassedy, 

RAILWAY,   ENGINEERS'  AND 

STEAM5HIF>  SUPPLIES, 


S26     rvlarUcet     Street,     F»»nllaclelp)>-ila. 


ADVERTISING  DEPARTMENT. 


FOUNDRY  EQUIPMENTS  AND  SUPPLIES. 

MANUFACTURERS, 

Cupolas, 

Wire  Brushes, 

Brass  Furnaces, 

Plumbago, 

Fire  Brick, 

Bristle  Brushes, 

Crucibles, 

Sea  Coal, 

Fire  Mortar, 

Bellows, 

Tongs, 

Mineral  Facing, 

Fire  Sand, 

Riddles, 

Core  Ovens, 

Stove  Plate  Facing, 

Mica  Schis' 

Shovels, 

Iron  Flasks, 

Molding  Sands. 

J.  W.  PAXSON  & 

CO.,  PHILADA 

PA. 

vVm.  J.  Donaldson  &  Co.,  ""fJZ!::^,^""'.'"'- 

ALPHA    PORTLAND  CEMENT.    The  finest  ground  and  strongest  Portland  Cement  in  the 
world.     Used  exclusively  on   the   Holyoke   Dam,  Mass.,  and   many  other  important  operations. 

EflOIflEEH  and  COI^Tt^flCfo^ 

SAN    FRANCISCO,    CAr..,    XJ.    S.    A. 


ESTABLISHED  1894.  $3.00  PER  YEAR. 


A  Weekly  Paper  for  Engineers,  Contractors,    Surveyors,  Municipal 

and  County  Officials. 


Contains  each  week  a  review  of  events  in  the  Western  States  of  especial 
interest  to  its  readers,  and  publishes  scientific  and  practical  articles  of 
value.  The  Construction  News  Department  gives  advance  news  ot 
work  to  be  done  in  States  west  of  the  Mississippi. 


Xhird 


THOMAS     DEVL-irvi     &     CO., 
it.     amci     l_eJ-tigh     Ave.,     Rhiiiacdeiphiia,     Ra. 


IX 


ADVGk USING    DEPARTMENT. 


3nJ  ^ABBITT  METALS, 

Jra;.^  and  phosphor  gronzE  [astinqs 

from  74  PoiJncI  to  20  000  Pounds irj  weight. 


L.  S.  Standard  Automatic  Testing  Machines. 


This  5tyle  "I  .Machine  i*  made  from   ki.ooo  lbs.  to  500.000  lbs.  capacity* 

Richie  Bros.  Testing  Machine  Co. 

NEW  YORK  orrici  :  .\inlh  .suect  above  Mailer, 

VJ  Lloerty  Street.  ^n\L\\JLLV'U\A.  PA.,  V.  S. 


ADVERTISING    DEPARTMENT. 


UDion  GentFal  liif  e  Insaranee  Go. 

CINCINNATI,    OHIO. 

ORGANIZED   1867. 
sJOMIVi     IV1.     RATXISOrSJ,     Rresident. 


Gains  in  1895. 

THE  ANNUAL  REPORT  AGAIN    MAKES    THE    FOLLOWING    FAVORABLE    EXHIBIT: 

Low  Death  Rate  Maintained. 

High  Rate  of  Interest  Realized. 
Low  Rate  of  Expense. 
Increase  in  Assets. 

Increase  in  New  Business. 

A  Large  Gain  in  Surplus. 

Gain  in  income, $261,413.47 

Gain  in  Interest  Receipts, 1  13,895.05 

Gain  in  Surplus, 302,082.66 

Gain  in  Membership, 4,363 

Gain  in  Assets, 1,839,617.82 

Gain  in  Amount  of  Insurance, 9,038,080.00 

Gain  in  Amount  of  New  Business  Written,             .  3,928,039.00 

Total  Assets, 14,555,288.63 


ARCHIBALD  C.   HAYNES.  REGINALD   L.   HART. 

Archibald  C.  Haynes  &  Co. 

GENEP^ALi   flCEKTS, 
NEW  YORK,  BROOKLYN,  PHILADELPHIA. 


AMERICAN  SURETY   BUILDING,  100  BROADWAY,   NEW  YORK. 
DREXEL   BUILDING,   PHILADELPHIA. 
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ADVERTISING  DEPARTMENT. 


CRAMP'S  SH1P=YARD 

PHILADELPHIA,  PA. 


Battle  Ships,  Cruisers, 

Passenger  and  Freight  Steamships. 


ETC. 


STEAM  MACHINERY  of  every  description,  incUiding  boilers  and  all 
equipment,  Marine  Engines  of  any  desired  power,  Mining  Machinery, 
Hydraulic  Plants,  both  for  pumping  and  for  power.  Tank  Works  ;  in 
short,  every  device  or  appliance  embraced  in  the  domain  of  applied 
mechanics. 

RAPID  FIRE  GUNS  AND  AMMUNITION. 

GUN   CARRIAGES. 

BASIN   DRY  DOCK  AND   MARINE   RAILWAY. 

PARSONS'   MANGANESE    BRONZE  AND  WHITE    BRASS. 

WATER   TUBE   BOILERS  (Niclausse,  Mosher,  Yarrow). 

AREA    OP^    PLANT,    43 ,^,  acres.       Area  covered  by   buildings,    fifteen 

acres.  Delaware  River  front,  1.495  ''^*^^- 
FLOATING    DERRICK,    "ATLAS,"     capacity.    130    tons,    with   60 

feet  hoist,  and  36  feet  out-hang  of  boom. 
NUMBER  OF   MEN    EMPLOYED,  aboui  r).ooo  in  all  department.v 

AT  ONCE,  the  greatest  and  most  complete  Shi])  and  Hngine  Building  estab- 
lishment in  the  Western  Hemisphere. 


Engineers,  flrehiteets,  GontraetoFs, 

and  all  those  interested  in  the  study  or  manufacture 

of  the  materials  of  construction  should 

subscribe  for  and  advertise  in  the 


Digest 


OF 


Physical  Tests. 


A    Practical   Journal    for  Thinking    Men. 


Published  by 

FREDERICK  A.  RIEHLE, 

1424  North  Ninth  St.,  Philadelphia,  Pa. 


This  is  a  quarterly  magazine  devoted  exclusively  to  the 
mechanic  art  of  physical  testing.  If  you  are  an  engineer, 
teacher  of  engineering,  architect,  manufacturer,  or  otherwise 
interested  in  the  strength  of  engineering  materials,  every  subject 
dealt  with  in  its  pages  will  be  of  value  to  you.  It  will  give  you 
only  well  authenticated  matter,  written  by  the  ablest  authorities 
on  testing,  and  will  comprehend  in  its  scope  all  fields  pertaining 
to  that  new  science.  As  an  advertising  medium  it  cannot  be 
excelled,  as  it  is  taken  and  read  by  the  very  men  you  have 
been  trying  so  long  to  reach. 


RIEHLE 

New  Automatic  Double  Head 
Specimen  Miller. 


This  machine  is  designed  for  the  rapid  preparation  of  test  pieces,  and 
will  reduce  the  cost  over  present  methods  from  80^  to  90%. 


RIEHLE  BROS.  TESTING  MACHINE  CO., 


HCW  YORK  orriCE, 

93  LIBERTY  STRCKT. 


NINTH   ST.  ABOVE  MASTER, 

Philadelphia,  Pa.,  U.  S.  A. 


Entered  at  the  Post-office  at  Philadelphia,  Pa.,  as  second-class  matter. 


Lithomount 

Pamphlet 

Binders 

Gaylord  Bros.  Inc. 

Makers 
Syracuse ,  N.  Y 
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University  of  Toronto 
Library 


Acme  Library  Card  Pocket 

Under  Pat  "Rel.  Index  FDe" 
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